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PREFACR 


The  aim  in  writing  this  book  has  been  to  present  a  systematic  dis- 
cussion of  the  design  of  mine  structures.  While  the  design  of  head- 
works  for  mines  is  given  the  principal  place,  the  design  of  buildings, 
bins,  coal  washers  and  breakers,  etc.,  is  discussed  as  fully  as  the  limited 
space  permits.  In  the  design  of  mine  structures  it  is  necessary  that  the 
structural  engineer  be  familiar  with  the  operation  of  mines  and  with 
various  preparatory  processes  for  ore  and  coal.  The  discussion  of  the 
operation  of  mines  has  been  limited  to  the  purpose  of  the  structural 
engineer,  and  the  design  of  hoists  and  other  machinery  has  not  been 
considered. 

Many  mine  structures  are  statically  indeterminate,  so  that  it  has 
been  necessary  to  present  a  brief  discussion  of  the  calculation  of  stresses 
in  statically  indeterminate  structures,  and  to  show  the  application  of 
the  methods  developed  to  the  calculation  of  stresses  in  head  frames. 
The  methods  for  the  calculation  of  stresses  in  simple  framed  structures, 
and  the  methods  for  calculating  the  pressures  on  retaining  walls  and 
the  stresses  in  bins  are  briefly  discussed. 

A  brief  resume  of  the  design  of  reinforced  concrete  structures  is 
given  in  Appendix  III.  Specifications  are  given  for  steel,  timber  and 
concrete  mine  structures,  and  data  and  details  are  given  for  use  in 
design.  The  subject  of  costs  has  been  given  considerable  attention  and 
numerous  examples  of  actual  structures  have  been  described  in  detail. 

While  this  book  is  supplementary  to  the  author's  "  The  Design  of 
Steel  Mill  Buildings"  and  "The  Design  of  Walls,  Bins  and  Grain 
Elevators,"  it  is  self  contained. 

This  book  is  a  result  of  the  author's  experience  of  several  years  in 
the  design  of  mine  structures  and  of  a  careful  study  of  present  prac- 
tice. The  book  is  written  for  the  young  engineer  or  student  who  has 
had  a  thorough  course  in  applied  mechanics  and  statics,  and  for  the 
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Structural  engineer  who  wishes  to  become  familiar 'with  this  much 
neglected  field. 

As  far  as  practicable  credit  has  been  given  in  the  text  of  the  book 
for  all  data  and  plans.  The  author  is  under  obligations  to  many  engi- 
neers for  data  and  plans;  he  especially  wishes  to  thank  Mr.  J.  B.  Gil- 
man,  Chief  Engineer,  The  Minneapolis  Steel  and  Machinery  Company; 
Mr.  Albert  Reichmann,  Division  Engineer,  American  Bridge  Company ; 
Mr.  C.  W.  Brooks,  Contracting  Engineer,  Wisconsin  Bridge  and  Iron 
Company ;  the  Allen  and  Garcia  Co. ;  and  the  engineers  of  the  Wellman- 
Seaver-Morgan  Company.  Credit  is  due  two  of  the  author's  former 
students,  H.  C.  Ford,  Associate  Professor  of  Civil  Engineering,  Iowa 
State  College,  and  W.  C.  Huntington,  Instructor  in  Civil  Engineering 
in  the  University  of  Colorado,  for  assistance  in  preparing  the  drawings. 

M.  S.  K. 

March  8,  1912. 

UNivERsrrY  OF  Colorado, 
Boulder,  Colo. 
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THE  DESIGN  OF  MINE  STRUCTURES. 


Introduction. — In  addition  to  a  knowledge  of  structural  engineering 
the  design  of  structures  for  mines  requires  a  knowledge  of  the  opera- 
tions of  hoisting  from  mines,  and  of  the  treatment  and  preparation  of 
the  ore  or  coal  at  the  mine  preliminary  to  shipment  to  the  mill,  smelter, 
or  coking  oven,  for  further  treatment.  In  this  book  the  discussion  of 
mining  and  milling  machinery  is  limited  to  a  description  of  their  opera- 
tions in  so  far  as  the  rfiine  structures  are  affected  thereby. 

The  book  is  divided  into  three  parts  and  appendices  containing 
specifications.  The  design  of  head  works  for  mines  is  considered  in 
Part  I ;  the  design  of  buildings,  bins,  retaining  walls,  coal  washers  and 
breakers,  and  miscellaneous  structures  in  Part  II;  the  general  prin- 
ciples  of  design  and  the  cost  of  mine  structures  in  Part  III;  while 
specifications  for  steel  mine  structures  are  given  in  Appendix  I,  for 
timber  mine  structures  in  Appendix  II,  and  for  reinforced  concrete 
structures  in  Appendix  III. 


PART  L 

THE  DESIGN  OF  HEAD  WORKS  FOR  MINES. 

Introduction. — ^The  head  works  for  mines  vary  from  very  simple 
structures  built  of  stock  sizes  of  timber  by  an  ordinary  mechanic  to 
elaborate  structures  in  which  the  ore  or  coal  is  screened,  crushed,  sorted 
and  prepared  for  further  treatment  or  for  market,  and  requiring  the 
services  of  an  experienced  structural  engineer. 

This  part  of  the  book  includes  a  discussion  of  different  types  of 
head  works;  the  calculation  of  stresses  in  statically  determinate  and 
statically  indeterminate  head  frames;  and  the  design  of  head  frames 
and  coal  tipples.  The  design  of  the  steel  frame  buildings  and  bins  that 
form  parts  of  head  works  is  discussed  in  Part  II. 

In  writing  Chapter  III  and  Chapter  IV,  it  has  been  assumed  that 
the  reader  has  had  a  thorough  course  in  algebraic  and  graphic  statics. 
In  using  this  book  as  a  text  it  is  suggested  that  Chapter  VIII  be  read 
before  Chapter  III ;  and  that  the  author's  "  The  Design  of  Steel  Mill 
Buildings  "  and  "  The  Design  of  Walls,  Bins  and  Grain  Elevators  "  be 
used  as  reference  books. 


CHAPTER  I. 
Types  of  Head  Works  for  Mines. 

Introduction. — The  design  of  the  head  works  for  a  mine  depends 
upon  the  material  which  is  to  be  hoisted,  upon  the  depth  of  the  mine, 
the  inclination  of  the  shaft,  the  rate  of  hoisting,  the  amount  to  be 
hoisted  at  one  time,  the  treatment  of  the  ore  or  coal  after  being  hoisted, 
and  upon  the  material  used  in  the  construction  of  the  structure.  Head 
works  for  mines  may  be  divided  into  three  classes:  (i)  head  frames; 
(2)  rock  houses;  (3)  coal  tipples.  Where  coal,  ore  or  rock  is  to  be 
hoisted  and  taken  directly  away  from  the  head  works  without  further 
treatment  the  structure  is  called  a  head  frame  or  "gallows  frame." 
Coal  is  commonly  screened  after  being  hoisted  and  the  head  frame  and 
the  screening  building  together  are  called  a  coal  tipple.  Where  ore  or 
rock  is  to  be  crushed  and  sorted  in  the  head  works  after  it  has  been 
hoisted,  the  structure  is  called  a  rock  house.  The  foregoing  classifica- 
tion is  not  very  definite,  for  in  some  cases  the  head  frames  are  inclined 
and  in  others  a  small  amount  of  screening  is  done,  while  in  other  cases 
head  frames  have  bins  and  screens  so  that  it  is  often  difficult  to  deter- 
mine whether  the  structure  is  a  head  frame  or  a  rock  house.  Many  of 
the  coal  tipples  in  the  anthracite  region  of  Pennsylvania  are  head  frames 
from  which  the  coal  is  conveyed  to  a  coal  breaker. 

Head  works  for  mines  may  be  built  of  timber,  steel  or  reinforced 
concrete.  When  timber  was  cheap  and  steel  difficult  to  obtain  head 
frames  and  coal  tipples  were  built  of  timber.  Many  coal  tipples  have 
burned  with  a  large  property  loss  and  loss  of  life  so  that  timber  coal 
tipples  are  now  seldom  used.  The  difficulty  and  cost  of  obtaining 
timber  for  large  head  frames  has  resulted  in  the  building  of  many  steel 
head  frames  for  ore  mines. 

HEAD  FRAMES. — The  first  head  frames  were  constructed  of 
timber;  the  most  common  type  being  the  4-post  head  frame  shown  in 
Fig.  I.  The  square  or  rectangular  mine  tower  is  cross-braced  and  the 
sheave  supports  are  made  of  heavy  timber.  The  back  brace  is  inclined 
and  IS  placed  between  the  hoisting  rope  and  the  line  of  the  resultant  of 
the  stress  in  the  hoisting  rope.     This  type  of  head  frame  gives  fairly 
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Fig.  2.    TiuBES  Head  Fraue;  Montana  Type. 


HEAD   FRAMES.  J 

satisfactory  results  but  is  expensive  for  high  frames  on  account  of  the 
cost  of  obtaining  the  timber.  The  timber  head  frame  shown  in  Fig.  2 
was  formerly  used  in  Montana.  The  head  frames  at  the  Diamond  and 
High  Ore  mines  in  Butte,  Montana,  were  100  feet  from  the  bottom  of 
the  sill  to  the  center  of  the  sheaves. 

While  the  Montana  type  of  timber  head  frame  appears  to  be  a  sim- 
pler and  better  designed  frame  than  the  4-post  frame  in  Fig.  i,  the 
timbers  are  more  expensive  and  the  frame  is  not  so  well  braced  to  with- 


Fic  6. 


stand  vibration.     Most  of  the  timber  head  frames  have  been  of  the 
4-post  type. 

Steel  head  frames  vary  in  design  to  suit  local  conditions  and  the 
ideas  of  the  designer.  The  A-frame  in  Fig.  3  is  the  most  satisfactory 
type  where  conditions  permit  of  its  use.  It  is  simple  in  design  and 
economical  of  material;  the  stresses  are  statically  determinate,  and  it 
can  be  easily  and  effectively  braced,  making  a  very  rigid  frame.  The 
4-post  frame  in  Fig.  4  is  the  type  to  use  when  it  is  necessary  to  hoist 
from  several  compartments  of  a  shaft  not  in  a  single  line.     It  is  also 
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Fig.  9.    Steel  Head  Fkame,  High  Ore  Mike,  Butte,  Mont.     (Fob  detaii. 
PLANS  SEE  Fic.  87.) 


Fig  10.    Steel  Head  Fxame,  St.  Lawrence  Mine,  Butte,  Mont.;  Built  b 
Wellman-Seaves- Morgan  Coufany. 
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used  for  coal  tipples  and  for  double  compartment  shafts.  The  4-post 
frame  is  not  so  economical  of  material  as  the  A-frame;  is  more  difficult 
to  brace  effectively,  partly  for  the  reason  that  part  of  the  bracing  in  the 
tower  must  be  omitted  to  permit  the  dumping  of  the  ore  or  coal,  and 
in  addition  the  stresses  are  statically  indeterminate.  The  frame  shown 
in  Fig.  S  is  a  modification  of  the  A-frame  used  for  an  inclined  shaft. 


Steel  Rock  House  for  Quincv  Mine  No.  2,  Hancock.  Mich.; 


Several  early  head  frames  in  the  coal  fields  of  Pennsylvania  were  built 
on  the  lines  of  the  frame  shown  in  Fig.  6.  This  type  of  frame  has  no 
points  of  merit  and  is  practically  obsolete. 

One  of  the  earliest  if  not  the  earliest  steel  head  frame  in  the  United 
States  was  built  in  1870  at  the  Oakwood  shaft  of  the  Lehigh  Valley 
Coal  Company.  It  is  55  feet  high  and  is  built  of  wrought  iron  channel 
bars,  laced.  It  has  its  posts  nearly  vertical,  Fig.  6,  and  is  elaborately 
braced,  but  has  no  back  braces.  Steel  head  frames  were  used  in  the 
early  development  of  mines  in  South  Africa.     The  steel  head  frame  at 
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the  West  Kand  Consolidated  Mines  near  Krugersdorp  in  the  Transvaal, 
is  shown  in  Fig.  7  and  Fig.  8  This  head  frame  is  92  feet  from  the 
collar  of  the  shaft  to  the  top  of  the  sheaves.  There  is  an  ore  bin  with 
a  capacity  of  1,000  tons,  a  waste  bin  with  a  capacity  of  150  tons,  and  a 
water  tank  with  a  capacity  of  6,000  gallons.  The  mine  has  a  six  com- 
partment shaft  as  is  shown  in  Fig.  8. 


Fig.  12.     Framework  for  Steel  Coal  Tipple;  Plain  Cage  Hoisiinc. 

The  timber  head  frame  in  Fig.  2  at  the  High  Ore  mine  was  replaced 
by  the  steel  head  frame  in  Fig.  g.  This  head  frame  is  100  feet  high 
from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  plans  of 
this  head  frame  are  shown  in  Chapter  Xl,  Fig.  87, 

The  steel  head  frame  for  the  St.  Lawrence  mine  shown  in  Fig.  10, 
was  built  by  the  Wellman-Seaver-Morgan  Company  in  1897,  and  was 
the  second  steel  head  frame  built  in  the  Butte  district.  The  frame  is 
97  feet  high  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves, 
which  are  10  ft.  in  diameter.     The  hoisting  rope  is  7  in.  X  i  in-     The 
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ore  is  hoisted  in  self-dumping  7-ton  skips  weighing  3^  tons.     Addi- 
tional data  on  this  head  frame  are  given  in  Table  Llll,  Chapter  XV. 

ROCK  HOUSES.— The  steel  rock  house  of  the  Quincy,  No.  2 
mine,  is  shown  in  Fig.  11.  The  steel  head  frame  is  119'  3"  high  from 
the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  shaft  is 
inclined  at  an  angle  of  approximately  57°  with  the  horizontal.  The 
rock  is  of  the  amygdaloid  formation  and  contains  pure  native  copper, 
varying  in  size  from  fine  grains  to  large  masses.  In  the  rock  house  the 
poor  rock  is  separated ;  the  pay  rock  is  crushed  to  proper  size,  and  the 
mass  copper  is  separated  from  the  rock  clinging  to  it  by  placing  it 
under  a  steam  hammer.  This  rock  house  is  therefore  a  large  crushing 
and  sorting  plant.  Detail  plans  of  the  rock  house  are  shown  in  Fig, 
109,  and  a  description  is  given  in  Chapter  VI. 

COAL  TIPPLES.— The  design  of  a  coal  tipple  depends  upon  the 
inclination  of  the  shaft,  the  method  of  hoisting,  the  work  to  be  done 


Fic.  13.    Fbamewobk  for  Steel  Coal  Tipple;  Self-dumpikc  Cages. 

on  the  coal,  and  upon  the  arrangement  of  the  screens.  The  shaking 
screens  which  are  commonly  used  in  coal  tipples  produce  excessive 
vibrations  unless  the  shaker  building  is  very  thoroughly  braced.     The 
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Fig.  14.    Steel  Coal  Tipple,  Carney  Coal  Company,  Carnewtllb,  Wyo.; 
Built  bv  Wisconsin  Bkidce  and  Ikon  Coupany. 

latest  practice  in  the  design  of  coal  tipples  is  to  build  the  head  frame 
and  the  shaker  building  as  separate,  independent  structures.  The  frame 
work  for  a  steel  coal  tipple  in  Central  Illinois  is  shown  in  Fig.  12.     The 


Fic.  15.    Steel  Coal  Tipple.  Lorain  Coal  and  Dock  O).  ;  Built  b 
Manufactubing  Company. 
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sheaves  of  the  head  frame  are  placed  parallel  with  the  hoisting  rope 
and  parallel  to  the  axis  of  the  coal  tipple.  Coal  tipples  are  also  built 
with  the  hoisting  drum  at  one  side  of  the  tipple  building,  with  the 
sheaves  in  tandem  as  shown  in  Fig,  127,  The  coal  is  hoisted  in  cars 
which  are  dumped  into  weigh  boxes,  from  which  the  coal  is  run  over 
screens  into  railroad  cars  placed  underneath  the  structure. 


Fig.  16.    Filbert  Coal  Tipple  During  Erection. 

The  frame  work  of  a  steel  tipple  building  in  which  self-dumping 
cages  are  used  is  shown  in  Fig.  13.  The  sheaves  of  the  head  frame 
are  placed  parallel  with  the  hoisting  rope  and  at  right  angles  to  the 
railroad  tracks.  After  the  coal  is  hoisted  it  is  dumped  into  weigh 
boxes,  and  after  running  over  the  screens  is  spouted  into  railroad  cars 
placed  beneath  the  structure. 

It  is  sometimes  necessary  to  sort  bituminous  coal,  in  which  case  part 
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of  the  coal  is  run  both  over  sorting  tables  and  over  shaking  screens. 
For  a  description  of  the  coal  tipple  of  the  Alberta  Railway  &  Irrigation 
Company  see  Chapter  VII  and  Fig.  136. 

Where  coal  is  taken  from  a  tunnel  or  a  drift  It  is  necessary  to 
design  a  different  type  of  coal  tipple.  The  steel  coal  tipple  for  the 
Carney  Coal  Company  at  Cameyvillc,  Wyoming,  is  shown  in  Fig.  14. 
In  this  coal  tipple  the  coal  is  carried  from  the  mine  by  an  inclined  con- 
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veyor  with  a  capacity  of  500  tons  per  hour.  The  tipple  and  screens 
are  so  arranged  that  lump  and  egg  coal  can  be  loaded  into  box  cars 
at  the  same  time,  the  screens  being  placed  parallel  to  the  railroad  tracks. 
The  capacity  of  the  screens  and  loading  equipment  is  2,500  tons  in  eight 
hours.  A  steel  coal  tipple  for  a  mine  in  which  the  coal  is  brought  from 
a  mine  tunnel  on  cars  is  shown  in  Fig.  15.  A  reinforced  concrete  coal 
tipple  is  now  being  constructed  by  the  Leyden  Coal  Company,  Leyden, 
Colorado. 

The  steel  coal  tipple  for  the  Filbert  mine  of  the  H.  C.  Frick  Coke 
Co.  is  shown  during  erection  in  Fig.  16,  and  after  completion  in  Fig.  17. 
The  coal  is  hoisted  in  self-dumping  cages,  and  is  run  into  the  bins 
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without  screening.  It  is  then  conveyed  to  the  coke  ovens  in  electric 
cars,  called  larries.  The  plans  for  the  steel  tipple  at  the  Phillips  mine 
of  the  H.  C.  Frick  Coke  Co.  are  shown  in  Fig.  143,  Chapter  VII. 

A  tipple  for  an  anthracite  coal  mine  differs  from  a  tipple  for  a  bitu- 
minous coal  mine  in  that  anthracite  coal  is  commonly  conveyed  from 
the  head  frame  to  a  coal  breaker,  where  it  is  broken  up  into  various 
commercial  sizes  and  prepared  for  the  market. 


CHAPTER  II. 

Hoisting  from  Mines. 

METHODS  OF  HOISTING.— In  hoisting  from  inclined  or  ver- 
tical shafts,  the  hoisting  engine  is  placed  at  some  distance  from  the 
mouth  of  the  shaft,  the  cable  passes  up  over  the  sheave  at  the  top  of 
the  head  frame  and  into  the  shaft.     The  rope,  if  round,  is  carried  on  a 
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Fig.  31. 


smooth  or  a  grooved  hoisting  drum,  and  if  flat,  is  carried  on  a  hoisting 
reel.  The  maximum  working  load  on  the  rope  occurs  when  the  loaded 
skip  or  cage  is  being  hoisted  from  the  bottom  of  the  shaft.  The  work- 
ing load  then  consists  of  the  skip  or  cage,  the  load,  the  accelerating 
force,  the  weight  of  the  rope  itself,  and  the  friction  of  the  rope  on  the 
sheave  and  drum  and  of  the  skip  or  cage  in  the  guides. 
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With  round  ropes  the  hoisting  drum  for  deep  mines  is  commonly 
made  conical,  the  small  diameter  being  used  when  the  load  is  at  the 
bottom  of  the  shaft.  Flat  ropes  are  wound  on  a  reel,  so  that  the  small 
diameter  is  used  when  the  load  is  at  the  bottom  of  the  shaft,  the  diam- 
eter of  the  reel  increasing  as  the  rope  is  wound  up.  The  required 
height  of  the  head  frame  depends  upon  (i)  the  room  required  for 
screening,  crushing  and  handling  the  coal  or  ore;  (2)  the  speed  of 
hoisting — with  rapid  hoisting  it  is  necessary  to  have  a  height  from  the 
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landing  to  the  sheaves  of  from  two  to  three  times  the  height  of  the 
cage  or  skip  or  a  full  revolution  of  the  drum  to  prevent  over  winding, 
ai^d  (3)  the  desired  location  of  the  hoisting  engine.  With  a  given 
height  of  head  frame  h,  the  distance  rf,  Figs.  18  to  22,  depends  upon 
the  diameter  of  the  sheave,  the  diameter  of  the  rope,  and  whether  the 
rope  is  round  or  flat.  The  sheave  should  be  as  large  as  can  conveniently 
be  used,  as  the  larger  the  sheave  the  longer  the  life  of  the  hoisting 
rope.  The  inertia  of  a  large,  heavy  sheave,  however,  with  rapid  hoist- 
ing may  kink  the  rope  and  cause  excessive  wear.  The  bending  stresses 
in  flat  ropes  for  a  sheave  of  given  diameter  are  less  than  in  round  ropes 
having  equal  strength,  but  the  life  of  flat  ropes  is  less  than  for  round 
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ropes.  Flat  ropes  are  wound  on  reels  which  are  at  all  times  in  line 
with  the  head  frame  sheave,  while  round  ropes  are  wound  on  a  drum 
so  that  the  horizontal  angle  between  the  center  line  ol  the  sheave  a^d 
the  cable  is  continually  changing.  The  distance,  d,  for  flat  ropes  can 
then  be  less  than  for  round  ropes. 

Hoisting  from  mine  shafts  is  commonly  done  in  two  compartments 
of  the  shaft  at  the  same  time,  the  unloaded  skip  or  cage  descending  as 
the  loaded  skip  or  cage  ascends.  This  is  known  as  hoisting  in  balance 
or  counterbalance.  There  is  a  considerable  saving  in  power  in  hoisting 
in  balance.  To  hoist  in  balance  it  is  necessary  to  take  ore  from  one 
level  with  both  skips  unless  the  Whiting  system  is  used.     When  a 


U" - —'Z25'-0-- i 

Fic.  23.    GiLBESTON  Steel  Head  Fbame. 

round  rope  winds  off  the  drum  it  makes  an  angle  with  the  groove  in  the 
sheave  on  the  head  frame  and  the  friction  increases  the  tension  in  the 
cable  and  also  reduces  its  life.  To  reduce  the  friction  and  wear  the 
hoisting  engines  are  placed  at  a  considerable  distance  back  from  the 
head  frame. 

The  head  frame  may  be  placed  so  that  the  sheaves  are  parallel,  as  in 
Figs.  18  to  21,  or  so  that  the  sheaves  are  in  tandem,  as  in  Figs,  22  and 
23.  With  the  latter  method  it  is  necessary  to  place  the  hoisting  engine 
farther  from  the  shaft  than  where  the  sheaves  are  in  parallel.  Where 
the  hoisting  engine  is  placed  well  back  from  the  shaft  it  becomes  neces- 
sary to  support  the  hoisting  rope  on  idlers,  as  shown  in  Fig,  23.    Where, 
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mines  have  three  compartment  shafts,  ore  is  commonly  hoisted  from 
but  two  compartments,  the  third  compartment  being  used  for  pumps, 
pipes,  etc.  This  arrangement  makes  it  necessary  to  place  the  head 
sheaves  so  that  they  will  not  be  symmetrical  with  the  center  line,  bring- 
ing heavier  working  stresses  on  one  side  of  the  head  frame  than  on 
the  other  side. 

HOISTING  FROM  DEEP  MINES.— In  deep  mines  the  rope  in 
the  mine  becomes  a  large  part  of  the  load  and  various  methods  have 


Fig.  24.    KoEPE  Svsteu. 


been  used  to  counterbalance  the  weight  of  the  rope.  Four  methods 
for  obviating  the  difficulty  just  mentioned  have  been  used:  (i)  the 
Koepe  system;  (2)  the  Whiting  system;  (3)  modifications  of  (i)  and 
(2),  and  (4)  by  the  use  of  a  taper  rope. 

The  Koepe  System. — In  the  Koepe  system,  Fig.  24,  a  large  grooved 
wheel,  I,  is  placed  on  the  engine  crank  shaft.  The  rope  is  passed  half 
around  this  wheel,  i,  and  over  two  sheaves  at  the  head  frame,  and 
then  to  the  top  of  the  cages — one  cage  being  at  the  top  landing  and  the 
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Other  at  the  bottom  of  the  shaft.  A  balance  rope,  j,  is  fastened  to  the 
under  side  of  each  cage.  The  driving  wheel,  i,  must  be  made  large 
to  give  sufficient  frictional  resistance.  To  prevent  slipping  it  is  neces- 
sary to  start  the  load  very  slowly.  The  sheaves  on  the  head  frame  may 
be  parallel  or  tandem,  the  latter  method  being  preferred.  A  modifica- 
tion of  the  Koepe  system  is  to  use  two  driving  reels  on  pulleys  on  the 
engine  shaft,  and  a  transfer  wheel  placed  between  the  hoisting  engine 
and  the  head  sheave.  The  rope  from  the  head  sheave  passes  around 
the  first  driving  wheel  on  the  engine  shaft,  then  around  the  transfer 
wheel,  then  around  the  second  driving  wheel  on  the  engine  shaft,  and 
then  to  the  second  head  sheave.  The  Koepe  system  has  the  following 
disadvantages,  (i)  In  case  the  hoisting  rope  breaks  both  cages  fall 
down  the  shaft;  (2)  it  is  difficult  to  socket  the  hoisting  rope;  and  (3) 
the  extra  stress  on  the  rope  fastenings  due  to  the  weight  of  the  balance 
rope.  The  system  is  adapted  only  for  deep  hoisting  where  the  slow 
speed  in  starting  is  not  a  serious  handicap.  A  speed  of  30  ft.  per  second 
has  been  reached  in  hoisting  from  a  shaft  1,300  feet  deep.  The  Koepe 
system  is  used  in  Germany  and  England,  and  in  a  modified  form  in  the 
United  States. 

Whiting  System. — In  the  Whiting  system.  Fig.  25,  the  rope  starts 
from  the  top  of  the  cage.  A,  goes  over  the  head  sheave,  2,  down  to  the 
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Fic.  25.    Whiting  Sysi 
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guide  wheel,  j,  from  underneath  which  it  goes  to  the  underside  of  the 
drum  4f  where  it  makes  one  half  turn  to  drum  5.  The  rope  is  given 
three  half  turns  over  this  drum,  and  passing  off  from  underneath  drum 
5,  goes  to  tension  car  6,  then  half  around  this,  back  to  and  under  another 
guide  pulley  up  to  the  second  head  sheave  and  down  to  cage  B,  Drums 
4  and  5  have  their  shafts  slightly  inclined  so  that  the  rope  will  run  from 
one  drum  to  the  other  without  friction  or  binding.  The  object  of  the 
tension  car  6  is  to  permit  hoisting  from  different  levels,  the  dotted  cir- 
cles showing  its  position  for  different  levels.  When  hoisting  from  dif- 
ferent levels  at  the  same  time  it  is  necessary  to  change  the  tension  car 
quickly,  the  tension  car  being  clamped  down  during  hoisting.  A  tail 
rope  is  used  for  a  counterbalance.  During  sinking  operations  tail  ropes 
cannot  be  used.  The  Whiting  system  is  used  principally  in  the  upper 
Peninsula  of  Michigan  and  is  a  decided  improvement  on  the  Koepe 
system. 

Taper  Ropes. — ^The  stresses  in  a  hoisting  rope  are  due  to  the  weight 
of  the  cage  and  the  load,  impact  due  to  sudden  starting,  and  the  weight 
of  the  rope  itself.  A  hoisting  rope  of  equal  strength  in  all  parts  should 
therefore  be  tapered,  having  a  minimum  section  at  the  lower  end. 
Taper  ropes  are  usually  made  by  dropping  out  wires  at  intervals. 
Taper  round  hoisting  ropes  have  been  used  to  a  limited  extent  in  hoist- 
ing from  deep  mines.  Taper  flat  ropes  do  not  give  satisfactory  results 
for  the  reason  that  the  rope  is  liable  to  wedge  in  the  reel  with  serious 
results. 

HOISTING  ROPES. — Round  hoisting  ropes  are  commonly  made  of 
six  strands,  each  of  which  is  formed  by  twisting  nineteen  wires  together, 
the  strands  being  wound  around  a  hemp  center.  Wire  strands  are 
twisted  around  the  core  either  to  the  right  or  the  left,  and  the  resulting 
rope  is  either  "right  lay"  or  "left  lay."  The  twist  may  be  long  or 
short;  the  shorter  twist  forms  a  more  flexible  rope,  while  the  longer 
twist  forms  a  more  rigid  rope.  Wire  rope  is  made  of  iron,  open  hearth 
steel,  crucible  steel,  and  plough  steel.  The  strength  of  the  wire  from 
which  the  rope  is  made  is  about  as  follows :  iron  wire,  40,000  to  100,000 
lbs.  per  sq.  in. ;  open  hearth  steel  wire,  50,000  to  130,000  lbs.  per  sq.  in. ; 
crucible  steel  wire,  130,000  to  190,000  lbs.  per  sq.  in.;  and  plough  steel 
wire,  190,000  to  350,000  lbs.  per  sq.  in.  Hoisting  ropes  are  usually 
made  of  crucible  cast  steel  or  plough  steel. 

Flat  wire  rope  is  composed  of  several  round  ropes  whose  diameter 
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is  equal  to  the  required  thickness  of  the  fiat  rope,  laid  side  by  side  and 
sewed  together  with  iron  or  annealed  cast  steel  wire.  The  round  ropes 
are  alternately  of  right  and  left  lay  or  twist,  and  have  four  strands 
without  either  hemp  or  wire  center.  The  number  of  wires  in  each 
strand  is  usually  seven,  but  may  be  nineteen.  The  chief  drawbacks  to 
the  use  of  flat  wire  rope  are  its  first  cost  and  the  rapid  wear  of  the 
sewing  wires. 

Flat  ropes  and  reels  are  used  to  a  limited  extent  in  the  western  part 
of  the  United  States,  while  round  ropes  are  generally  used  in  hoisting 
coal  and  in  the  deep  copper  and  iron  mines  in  Michigan. 

Strength  of  Wire  Rope. — The  dimensions,  weight  and  strength  of 
round  crucible  steel  hoisting  rope  are  given  in  Table  I,  while  similar 
data  for  plough  steel  hoisting  rope  are  given  in  Table  II.  The  strengths 
of  wire  rope  given  by  the  different  makers  differ  somewhat. 

TABLE  I. 

Cast  Steel  Hoisting  Rope.    Ultimate  Strength,  Working  Strength  and 
Weight  of  Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center, 

19  Wires  to  the  Strand. 


Diameter, 
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X.58 
1.20 
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456,000 
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Stress,  for  Di- 
rect Pull, 
S,  Lbs. 
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14,000 

11,300 
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The  strengths  of  flat  cast  steel  ropes  are  given  in  Table  III. 
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TABLE   II. 

Plough  Steel  Hoisting  Rope.    Ultimate  Strength,  Working  Strength  and 
Weight  op  Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center, 

19  Wires  to  the  Strand. 


Diameter,  In. 


Approximate 
Circumfer- 
ence. In. 

Weight 

Safe  Working 
Load  foi 
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TABLE    III. 

Cast  Steel  Flat  Hoisting  Rope.    Ultimate  Strength,  Working  Stress  and 
Weight  of  Flat  Wire  Rope  Composed  of  4  Strands,  7  Wires  to  the  Strand. 


Safe  Working 

Approximate 

Breaking 
Stress,  Lbs* 

Safe  Working 

Approximate  Diame- 

Width and 

Weight  in  Lbs. 

Load  for 

Stress  for  Di- 

ter in  Inches  of  Round 

Thickness.  In. 

per  Lineal  Fool. 

Hoisting.  L, 

rect  Pull,  S, 

Cast  Steel  Rope  of 

Lbs. 

Lbs. 
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11 
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2.38 
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12,000 

1 

STRESSES   IN    HOISTING  ROPE.  2$ 

'' Working  Load  on  Hoisting  Rope. — The  stresses  in  a  hoisting  rope 
are  the  sum  of  the  stresses  due  to  (i)  the  weight  of  the  rope,  (2)  the 
friction  of  the  rope,  (3)  the  bending  of  the  rope  over  the  head  sheave, 
.X4)  the  live  load,  and  (5)  the  impact  due  to  starting  and  stopping  the 
load.  The  stresses  due  to  bending  are  discussed  in  the  next  section. 
The  stresses  due  to  impact  vary  from  zero  to  twice  the  working  load  if 
the  hoisting  cable  is  taut,  and  to  several  times  the  working  load  if  the 
cable  is  slack.  If  a  descending  cage  should  stick  and  then  drop,  the 
stress  will  be  equal  to  the  kinetic  energy  developed  and  will  be  very 
large.  The  load  due  to  starting  a  cage  suddenly  from  the  bottom  of  a 
shaft  may  be  taken  as 

K=2W  +  R  +  F  (i) 

where /?= stress  in  lbs.  at  the  sheave  at  the  instant  of  picking  up  the 

load; 
W==i  gross  load  in  lbs. ; 
/?==:  weight  of  rope  in  lbs. ; 

F=  friction  in  lbs.,=  {W -\-R)f,  where  /= coefficient  of  fric- 
tion, which  may  be  taken  at  o.oi  to  0.02  for  vertical  shafts  and  from 
0.02  to  0.04  for  inclined  shafts  with  the  rope  supported  on  rollers.  The 
working  load  should  not  be  greater  than  K  plus  the  stress  due  to  bend- 
ing, and  should  not  exceed  i  of  the  ultimate  strength  of  the  rope,  or  i 
of  the  ultimate  strength  for  direct  pull. 

For  inclined  shafts  with,  angle  of  inclination  with  horizontal  =  tf, 
the  stress  in  the  rope  due  to  starting  the  cage  is 

K'=  (2IV +  R)  sine +  f(lV  +  R)  cose  (2) 

Bending  Stresses  in  Wire  Rope. — The  stresses  due  to  bending  will 
depend  upon  the  diameter  of  the  rope,  the  make-up  of  the  rope,  the 
angle  through  which  the  rope  is  bent,  and  the  diameter  of  the  sheave. 
The  unit  stress  due  to  bending  in  a  round  hoisting  rope  may  be  obtained 
from  formula  (3),  the  form  of  which  is  due  to  Rankine  ("  Machinery 
and  Mill  Work,"  p.  533). 

5«  1,894,000 -p  (3) 

where  -D==  the  diameter  of  the  sheaves  in  inches,  and  rf=the  diameter 
of  the  rope  in  inches.  The  area  of  the  steel  in  a  round  hoisting  rope 
is  approximately,  a==o.4(/^,  and  the  total  bending  stress  in  a  round 
rope  will  be 
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5;  =  5.^  =  757,600-^  (4) 

Now  the  direct  breaking  strength  of  a  crucible  steel  round  rope  is 
closely 

f/=6o,oood2  (5) 

Where  bending  stress  is  considered,  the  safe  working  load  should  not 
exceed  J  of  the  ultimate  strength,  and  the  safe  working  load,  L,  should 
not  exceed 

L  =  20,000^/*  —  757,600  y.  (6) 

The  safe  working  loads  for  crucible  steel  round  ropes  based  on  formula 
(6)  are  given  in  Fig,  26.* 

For  plough  steel  ropes  the  ultimate  strength  is  17= 70,000  rf^  and 

L  =  26,700^*  —  75  7,600  -^  (6') 

Mr.  William  Hewitt  in  "Wire  Rope,"  published  by  the  Trenton 
Iron  Company,  gives  the  following  formula  for  bending.f 

1.03^+ C 

where  £  =  the  modulus  of  elasticity  of  steel,  a=the  area  of  the  rope 
in  sq.  in.,  Z)  =  the  diameter  of  the  sheave  in  inches,  J'  =  the  diameter 
of  the  individual  wires  in  inches,  and  C  =  a  constant  depending  upon 
the  rope,  and  varies  from  9.27  for  haulage  rope  to  27.81  for  tiller  rope. 
For  standard  hoisting  rope,  C=  15.45.     Substituting  £  =  29,000,000, 

d 

a=o.4(P,  and  d'= — ,  we  have 

15 

75o,ooo^» 

^'  ^  ^D^^T  (^) 

Since  d  is  very  small  as  compared  with  the  values  oiD  used  in  hoisting, 
formulas  (4)  and  (8)  give  practically  the  same  results. 

*  Redrawn  from  a  diagram  prepared  by  Mr.  E.  T.  Sederholm,  Chief  Engineer 
Allis-Chalmers  Company. 

t  Also  see  Engineering  News,  May  7,  1896. 
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SteelHoistinqRopea  with  six 
strands  of  nineteen  wires  each. 
Jotalmitstress  ecp/als  eBrect 
stress  plus  bendmq  stress  or 
etjuals  50,000  itts.persqJa 
Ww-kinqunil^ess  equals  50^000 
minus  hendinq  stress. 
Bendinq  stress  h  rope  equals: 

3-1^94,000  ^ 

Safe  Worlcinq  Load  in  rope 
equals: 

L'lOfiOOd -757,600  4^ 
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Fig.  26.    Saw  Working  Stmssis,  L,  in  Crucible  Steei.,  Round  Hoisting  Rofr 
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^0        56         41        48         54         60        66         7Z 

Diameter  of /(eel Hubs  in  Inches 

Fig.  27.    Safe  Working  Stresses,  L,  in  Cruobls  Steel,  Plat  Hoisting  Rope. 


LIMIT  OF   VERTICAL    HOISTING.  29 

The  bending  stresses  in  crucible  steel  flat  ropes  are  given  in  Fig.  27.* 
Limit  of  Vertical  Hoisting.— The  present  maximum  depth  of  ver- 
tical hoisting  is  about  5,300  ft. ;  the  deepest  shaft  being  at  the  Tamarack 
mine  in  Michigan.     With  hoisting  ropes  of  constant  cross-section  the 
practical  limit  of  hoisting  is  about  6,000  ft.     In  a  paper  on  "  Winding 


Fic.  28.    Single  Deck  Cage,  Fig.  29.    Double  Deck  Cage. 

Plants  for  Great  Depths,"t  read  before  the  Institution  of  Mining  arid 
Metallurgy  and  also  before  the  South  African  Association  of  Engineers, 
Mr.  Hans  C,  Behr  concludes  that  for  depths  of  more  than  6,000  ft. 
double  stage  hoisting  will  be  necessary.  In  a  paper  read  before  the 
Colorado  Scientific  Society,  July  2,  1904,  Mr.  Charles  W.  Comstock 
shows  that  with  a  taper  hoisting  rope  it  is  entirely  practicable  to  hoist 

*  Redrawn  from  a  diagram  prepared  by  Mr.  E.  T.  Scderholm,  Chief  Engineer 
All iS'Ch aimers  Company. 

t Transactions  Institution  of  Mining  and  Metallurgy,  Vol.  XI,  1902. 
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from  a  vertical  shaft  12,000  ft  deep  in  a  single  stage.     A  taper  round 
rope  was  to  be  used  with  a  conica)  hoisting  drum. 

CAGES. — Where  the  material  is  hoisted  in  mine  cars,  a  cage  is  used 
for  hoisting.  Cages  may  be  made  with  a  single  deck  or  with  two, 
three  or  four  decks.  A  single  deck  cage  is  shown  in  Fig.  28.  Safety 
catches  are  shown  at  4,  Fig,  28.  The  hoisting  rope  is  fastened  to  clevis, 
I,  which  is  fastened  to  a  rod,  3,  which  carries  a  spiral  spring,  2.     Rod 


Flo.  30  a.    Wellman-Seaveh-Morcan  Company's  Light  Steel  Cage. 

3  is  fastened  by  levers  to  the  safety  catches,  4.  The  safety  catches  are 
thrown  into  action  by  the  breaking  of  the  hoisting  rope  or  by  striking 
the  cage  on  the  head  sheave  m  overwinding.  Safety  hooks  may  also 
be  used,  see  Fig.  30  a  and  Fig.  40.  A  double  deck  steel  cage  is  shown  in 
Fig,  29.  A  light  steel  cage  manufactured  by  the  Wellman-Seaver- 
Morgan  Company  is  shown  in  Fig.  30  a.  The  dimensions  of  the  steel 
cage  are :  platform  3  ft.  X  5  ft- ;  distance  between  guides  3  ft.  4  in. ; 
guides  4  in.  X  6  in. ;  safe  load  4,000  lbs. ;  weight  1,200  lbs.  The  above 
company  makes  heavy  steel  cages  with  the  following  limits  of  dimen- 
sions :  platform,  4.25  ft,  X  6  ft,  to  6  ft.  X  10  ft. ;  guides,  6  in.  X  8  in. 
to  8  in.  X  10  in. ;  distance  between  guides,  4.5  ft.  to  6.25  ft. ;  safe  load, 
5,000  lbs,  to  8,000  lbs. ;  weight  of  cage,  2,000  lbs.  to  3,800  lbs. 

Landers. — When  the  cage  reaches  the  surface  or  the  level  of  the 
landing  floor  a  device  called  a  lander  is  required  to  prevent  the  cage 
from  dropping  back  into  the  shaft.  Landers  usually  act  automatically 
after  the  cage  has  been  hoisted  up  and  must  be  released  before  the 
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cage  can  descend.  A  steel  lander  for  the  Annabelle  Mine  of  the  Four 
States  Coal  &  Coke  Co.  is  shown  in  Fig.  30  b.  Also  see  Fig.  144  e, 
Chapter  VII. 


ToDumps 


ToTramFv 


'Topoffhil 


51  DZ  View 


-% 


.1. 


plrh 

Fig.  30  b.    Steel  Lander  for  Annabelle  Mine. 

Details  of  the  three  deck  cage  used  by  the  Copper  Queen  Mining 
Company  are  shown  in  Fig.  92  and  Fig.  93,  Chapter  VI,  while  details 
of  cages  used  at  the  Sibley  and  Savoy  mines  are  shown  in  Fig.  104  and 
Fig.  105,  respectively. 

A  steel  cage  for  an  inclined  shaft  is  shown  in  Fig.  31 ;  skips  are 
commonly  used  in  inclined  shafts.    A  self  dumping  cage  is  shown  in 
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Fic.  31.    SiEtL  Cage  fob  an  Incuned  Shait. 


Fig.  32.    Self  Dumping  Cage 


SKIPS.  33 

Fig.  32.  Self  dumping  cages  are  used  principally  in  coal  mines  where 
the  extra  handling  made  necessary  by  the  use  of  skips  is  objectionable. 
Details  of  the  self  dumping  cage  used  at  the  Phillips  mine  are  shown 
in  Fig.  144. 

SKIPS. — Skips  are  commonly  used  in  inclined  shafts,  and  are  used 
in  vertical  shafts  where  a  large  amount  of  ore  is  to  be  hoisted.     Skips 


Fic.  33.    MiNz  Skip  for  an  Inclined  Shaft. 
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Fia  34.    Skip  for  Inclined  Shaft. 


are  rarely  used  in  hoisting  bituminous  coal  for  the  reason  that  their  use 
makes  an  additional  handling  of  the  coal  necessary  in  the  mine.  A 
skip  for  an  inclined  shaft  is  given  in  Fig.  33, 
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Fis.  35.    Skip  fob  Incumed  Shaft. 


Fio.  36.    Automatic  Ski 


Fig.  37.    KiMBEBLEV  Skip. 


OVER   WINDING.  35 

A  skip  used  in  an  inclined  shaft  is  shown  in  Fig.  34.  The  skip  is 
dumped  by  having  a  4  in  tread  on  the  front  wheels  and  a  7  in.  tread 
on  the  rear  wheels.  This  skip  has  a  capacity  of  2  tons.  In  Fig.  35 
the  rear  wheels  have  projecting  axles  which  cause  the  skip  to  turn 
nearly  upside  down. 

A  skip  for  a  shaft  nearly  vertical  is  shown  in  Fig.  36.  The  tilting 
of  the  skip  is  positive  so  that  it  readily  rights  itself.  The  skip  for  a 
vertical  shaft  in  Fig,  },-j  is  known  as  a  Kimberley  skip,  and  is  the  type 
commonly  used  for  vertical  shafts.     The  skip  is  turned  on  axle  A  by 


Fig.  38.    Self-bumping  Skip.  Fig.  39.    Water  Skip. 

means  of  rollers  B,  taking  a  course  away  from  the  vertical  guides  as 
described  by  the  angle  iron  guides,  until  the  horns  C  intercept  rollers 
D,  whereupon  the  skip  rollers  B,  are  elevated  to  the  upper  angle  iron 
guides. 

Details  of  the  skip  used  by  the  Copper  Queen  Mining  Company 
are  shown  in  Chapter  VI,  Fig,  91 ;  and  at  the  Sibley  mine  in  Fig,  106, 

A  self  dumping  skip  manufactured  by  the  Wei Iman- Sea ver-M organ 
Company  is  shown  in  Fig.  38,  while  a  water  skip  is  shown  in  Fig,  39. 

OVER  WINDING. — Accidents  due  to  over  winding  cause  much 
property  damage,  and  occasionally  great  loss  of  life.     Special  precau- 
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tions  should  be  taken  to  prevent  accidents,  and  the  safety  devices  should 
be  inspected  frequently  and  kept  in  repair. 

Much  interesting  and  valuable  information  on  hoisting  and  safety 
devices  is  given  in  the  Report  of  a  Royal  Commission  of  the  Transvaal 
on  "The  Use  of  Winding  Ropes,  Safety  Catches,  and  Appliances  in 
Mine  Shafts,"  1907.     The  following  recommendations  are  of  interest. 

1.  A  factor  of  safety  of  6  is  sufficient  for  hoisting  ropes  (direct 
pull).  Where  men  are  hoisted,  the  load  should  not  exceed  85  per 
cent  of  the  regular  load. 

2.  The  two  weakest  parts  in  a  rope  which  has  been  in  use  for  some 
time  are  (a)  near  the  top  of  the  cage,  and  (b)  between  the  drum  and 
the  head  sheave  when  the  cage  is  at  the  bottom  of  the  shaft. 

3.  Catch  beams  in  the  head  gear  are  approved.  In  case  of  over 
winding  the  lever  arms  of  these  appliances  automatically  fall  inwards 
after  the  cage  passes  upwards  and  prevents  it  from  descending. 

4.  Converging  guides  near  the  sheave  are  recommended. 

SAFETY  HOOKS.— Safety  hooks  are  placed  above  the  skip  or 
cage,  and  are  so  designed  that  in  case  of  over  winding  the  hooks  will 
become  detached  and  the  skip  or  cage  will  be  held  by  a  safety  case 
placed  below  the  sheaves.  Many  safety  detaching  hooks  have  been 
devised  and  used  with  more  or  less  satisfactory  results.  The  safety 
detaching  hook  shown  in  Fig.  40  and  in  Table  IV,  is  one  of  the  best 
known  and  gives  excellent  results.  The  device  consists  of  two  parts, 
the  hook  proper  and  the  case. 

Safety  Hook. — The  hook  consists  of  three  plates  pivoted  together 
on  a  central  pin  as  shown  in  Fig.  40.  The  lower  ends  of  the  plates  are 
so  shaped  that  the  two  outer  plates  project  beyond  the  main  portion 
of  the  plates  on  one  side,  the  middle  plate  projecting  in  the  opposite 
way.  In  the  lower  end  of  the  plates  there  is  an  oblong  hole  of  such 
shape  that  when  the  plates  are  placed  in  their  proper  position  the  three 
holes  form  a  circle  into  which  is  fitted  a  pin  and  to  which  is  connected 
the  cage.  At  the  upper  end  of  each  of  the  plates  there  is  a  slot,  and 
of  such  shape,  that  when  all  the  plates  are  riveted  together  it  will  also 
form  a  complete  circular  hole,  into  which  is  fitted  a  pin  and  clevis  for 
the  rope.  The  upper  ends  of  the  plates  are  provided  with  ears,  which 
under  running  conditions  are  mutually   covered.     The  plates   when 
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properly  located,  are  held  in  place  by  a  soft  copper  rivet  placed  just 
above  the  center  pin. 

Case. — The  case.  Fig.  40,  is  a  circular  casting  of  iron,  partly  conical 
and  partly  cylindrical  and  is  designed  to  be  of  ample  size  to  withstand 
the  stresses  due  to  a  loaded  cage  dropping  on  it  from  a  height  of  two 
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Fic.  40.    Safety  Detaching  Hooks;  Wellman-Seaveb-Morcan  Company. 


TABLE   IV. 
Details  of  Safety  Detaching  Hooks.    Welluan-Seavek-Mokgan  Coufanv. 
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feet.  The  case  is  fastened  to  the  head  frame  as  close  as  possible  to  the 
head  sheave,  leaving  sufficient  space  to  allow  for  the  operation  of 
the  hook. 

The  operation  of  the  safety  hook  is  very  simple.     The  cage  is 
hoisted  high  enough  to  enter  the  hook  mto  the  case,  the  flaring  sides  of 
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the  hook  meeting  those  of  the  case  are  closed  just  like  a  pair  of  scissors. 
This  action  shears  off  the  copper  rivet  which  brings  the  slots  in  the 
upper  end  of  the  plate  in  line,  allowing  the  clevis  to  pull  out ;  the  ears 
on  the  plate  are  thrown  out  far  enough  so  that  as  the  cage  drops  the 
ears  catch  on  the  upper  edge  of  the  case,  holding  the  cage  in  place. 
The  curved  holes  near  the  bottom  of  the  plates  are  so  designed  that  in 
the  released  position  the  plates  are  again  locked  and  cannot  be  changed 
until  the  weight  of  the  cage  has  been  taken  off  of  the  hook.  It  is 
desirable,  that  hooks  should  be  tested  at  frequent  intervals. 

Safety  hooks  were  used  on  the  steel  head  frames  for  the  Union 
Shaft,  Fig.  98,  and  for  the  Cia.  Minera  de  Penoles,  Fig.  95,  constructed 
by  the  Wellman-Seaver-Morgan  Company.  For  descriptions  of  several 
other  safety  hooks  and  safety  devices  see  Ihlseng's  "  Manual  of  Min- 
ing," also  the  Report  of  the  Royal  Commission  of  the  Transvaal  on 
"  The  Use  of  Winding  Ropes,  Safety  Catches,  and  Appliances  in  Mine 
Shafts." 

SHEAVES. — Sheaves  for  head  frames  are  made  with  cast  spokes 
or  with  wrought  iron  spokes,  the  latter  being  generally  used  for  large 
sizes.  The  tread  of  the  sheaves  may  be  of  iron  or  may  be  lined  with 
wood,  which  reduces  the  wear  on  the  hoisting  rope. 

The  approximate  weights  of  sheaves  for  round  rope  are  given  in 
Table  V  and  Table  VI,  while  the  approximate  weights  of  sheaves  for 
flat  ropes  are  given  in  Table  VII  and  Table  VIIL 

TABLE  V. 


Sheaves 

FOR  Round  Rope.    Au.is-Chalmers  Company. 

Diameter,  In. 

Size  Rope.  In. 

Weieht 
Sheave  Only.  Lbs. 

Weight  with 
Shaft  and  Boxes,  Lbs. 

18 

fto    * 

86 

120 

24 
36 

|to    j 

"5 
165 
250 

190 
430 

42 
48 

60 

66 

tto  I 

I 

440 

460 

900 

1,100 

665 

750 

1,200 

1,400 

72 

84 
96 

I     to  l| 
ijtoij 

1,200 
1,950 

1,800 
2,400 

3,030 

WEIGHT  OF  SHEAVES. 
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TABLE   VI. 

Heavy  Dxjty  Sheaves  for  Round  Rope.    Wrought  Arms. 
Wellman-Seaver-Morgan  G)MPANY. 


Style  of  Tread. 

MAzImum 

Diameter  of 

Rope.  In. 

Journals. 

Weight. 

Diaineter.  Ft. 

Diameter,  In. 

Length.  In. 

Sheave  Only. 
Lbe. 

Sheave,  Shaft. 

and  Two 

Flat  Boxes, 

Lbs. 

2 
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it 
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3 
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4 
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4 

8 
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5 
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^J 

8 
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6 
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4j 

10 
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».973 

7 
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l| 

5} 

10 
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2.764 

8 
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l| 

6 

12 

^,700 

.914 

ID 
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li 

7 

13 

3»Soo 

5.160 

12 
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ll 

8 

13 

6,100 

8,070 

14 

Wrought 

•» 

9 

i6 

8,600 

11.580 

TABLE   VIL 
Sheaves  for  Flat  Rope.     Alus-Chaluers  Company. 


Diameter.  In. 

Size  Rope,  In. 

36 

3  Xf 

48 

3iXJ 

60 

4X1 

P 

4jxf 

84 

S  XforJ 

96 

sixl 

Weight,  Sheave  Only, 
Lbs. 


450 
750 

1.300 

1.925 
2,200 

2,400 


Weight  with  Shaft  and 
Boxes,  Lbs. 


600 
1,000 
1,800 
2,800 
3.260 
3.400 


TABLE   VIIL 
Sheaves  for  Flat  Rope.    Wrought  Arms.    Wellman-Seaver-Morgan  Company. 


Journals. 

Weight. 

Diameter  of 
Sheave,  In. 

Width  of 

Rope,  In. 

Diameter,        Length, 

Sheave  Only, 

• 

Sheave,  Shaft  and 

Style  o(  Box. 

In.         1         In. 

1 

.       Lbs. 

Two  Qoxes,  Lbs. 

60 

3} 

3^ 

8 

862 

1,200 

Post 

60 

3 

8 

890 

1,165 

Flat 

72 

3i 

4' ' 

10 

1,520 

2,022 

Flat 

72 

4' ' 

10 

1,560 

2,062 

Flat 

72 

4' ' 

10 

1,600 

2,102 

Flat 

72 

Si 

4' ' 

10 

1.625 

2,127 

Flat 

84 

4' ' 

10 

2,000 

2,502 

Flat 

84 

6 

4' ' 

10 

2,100 

2,602 

Flat 

96 

5 

^t 

10 

2,400 

3.429 

Post 

96 

6 

5} 

10 

2,500 

3,529 

Post 

120 

7 

12 

5.400 

7.746 

Post 

120 

8 

12 

5,500 

7.746 

Post 
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Fig.  43. 


Fic  43. 


CARS. — ^The  ore  or  coal  is  hauled  to  the  bottom  of  the  shaft  in 
mine  cars.  Examples  of  steel  cars  for  use  in  metal  mines  are  given  in 
Fig.  41,  while  a  car  for  use  in  coal  mines  is  shown  in  Fig.  42  and  a  steel 
car  in  Fig.  43.  Details  of  the  coal  car  used  in  the  coal  mines  of  the 
Alberta  Railway  and  Irrigation  Company  are  shown  in  Fig.  136, 
Chapter  VII. 


CHAPTER  III. 

Stresses  in  Simple  Head  Frames. 

Introduction. — The  stresses  in  a  head  frame  will  depend  ( i )  upon 
the  location  of  the  hoisting  engine,  (2)  upon  the  height  of  the  head 
frame,  (3)  upon  the  depth  of  the  mine,  (4)  upon  the  weight  and 
capacity  of  the  skip,  (5)  upon  the  wind  pressure,  and  (6)  upon  the 
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Side  Clcvatiom 

Fta  44.    Steel  Head  FIrame. 


design  of  the  head  frame  itself.  The  forces  acting  upon  the  head  frame 
are  (a)  the  pull  of  the  rope  under  different  conditions,  (&)  the  weight 
of  the  structure,  (c)  the  pressure  of  the  wind  acting  horizontally  in 
any  direction. 
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The  maximum  stress  due  to  the  hoisting  rope  will  occur  when  the 
cage  or  skip  sticks  in  the  shaft,  and  is  equal  to  the  maximum  breaking 
strength  of  the  rope.  The  wind  load  may  be  taken  at  30  lbs.  per  sq.  ft. 
of  exposed  surface,  acting  horizontally.  Where  head  frames  are  placed 
in  positions  with  an  unusual  exposure  it  may  be  necessary  to  take  the 
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Fig.  45. 


wind  pressure  at  40  lbs.  per  sq.  ft.  The  weight  of  the  structure  should 
be  estimated  from  the  known  weight  of  some  similar  structure.  The 
weight  of  the  sheaves  may  be  obtained  from  Tables  V  to  VIII.  The 
resultant  of  the  stresses  in  the  hoisting  rope  will  approximately  bisect 
the  angle  between  the  rope  and  the  load  for  working  conditions,  and 
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will  exactly  bisect  the  angle  for  maximum  conditions.  The  stresses  in 
head  frames  of  the  A-type  are  usually  statically  determinate,  while  the 
stresses  in  head  frames  of  the  4-post  type  are  statically  indeterminate. 
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Statically  determinate  head  frames,  only,  will  be  considered  in  this 
chapter,  while  statically  indeterminate  head  frames  will  be  considered 
in  Chapter  V.  For  the  calculations  of  wind  stresses  in  a  trestle  bent, 
see  Fig.  154,  Chapter  VIII. 


44 


STRESSES  IN  SIMPLE   HEAD  FRAMES. 


STRESSES  IN  AN  A-TYPE  STEEL  HEAD  FRAME.— Given 
a  mine  1,500  ft.  deep,  weight  of  skip  1,000  lbs.,  weight  of  load  4,000 

LivcLoflD  Stresses 
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Fig.  47. 


lbs.,  weight  of  i^-in.  round  rope  2  lbs.  per  ft.    The  working  load  in 
the  hoisting  rope  from  ( i )  will  be 


STRESSES  IN   AN   A-TYPE   HEAD  FRAME. 
K  =  2W  +  R+  (W+R)f 

=  10,000  +  3,000  +  8,000  X  0.02 
=  13,160  lbs. 
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From  Fig.  26  with  8- ft.  sheaves  the  working  load  of  a  ij-in.  rope 
is  14,000  lbs.  The  breaking  load  of  a  i^-in.  rope  from  Table  I  is 
84,000  lbs.  The  weight  of  the  steel  head  frame  will  be  assumed  as 
42,000  lbs.     The  weight  of  the  sheaves  and  blocks  will,  from  Table  V, 
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be  equal  to  2,400  lbs.     The  wind  load  will  be  taken  at  30  lbs.  per  sq.  ft., 
acting  horizontally. 
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The  dimensions  of  the  head  frame  will  be  assumed  as  in  Fig.  44. 
The  hoisting  drum  will  be  placed  so  that  the  upper  rope  will  make  an 
angle  of  45  degrees  with  the  horizontal. 
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CALCULATION  OF  STRESSES.— The  stresses  will  be  calcu- 
lated for  the  following  conditions:  (i)  dead  load;  (2)  live  load,  and 
(3)  wind  load. 

Dead  Load  Stresses. — ^The  dead  loads  will  be  assumed  as  concen- 
trated at  the  joints,  and  it  will  be  assumed  that  the  side  A-frames  carry 
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the  dead  loads.  The  loads  will  be  taken  parallel  to  the  plane  of  the 
frames,  giving  a  slant  height  for  the  frame  of  50  ft.  3f  in.  The  stresses 
have  been  calculated  by  graphic  resolution  in  (6)  and  are  as  shown  on 
the  frame  in  (a) ,  Fig.  45.  The  loads  in  the  force  polygon  in  ( & ) ,  Fig.  45, 
are  laid  off  from  point  e,  the  loads  on  the  left  being  laid  off  downwards, 
^-/=5,400  lbs.,  f-g  =  2,ioo  lbs.,  ^-A  =  2,ioo  lbs.,  /i-4  =  2.ioo  lbs., 
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and  i-j  =  2,ioo  lbs.;  also  ^^ =2,100 lbs., d-c  =  2,100  lbs., c-&= 2,100 
lbs.,  and  &-a  =  2,100  lbs.  Then  stress  in  /-/= 5,400  lbs.,  stress  in 
/-^=5,400  + 2,100=7,500  lbs.  Load  e-d  is  held  in  equilibrium  by 
stresses  in  d-3  and  2-^'    Closing  the  force  polygon  e-j-d  in  (&)  gives 
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stress  d-j=-f-  1,200  lbs.,  and  stress  ^-5=:-f- 1,200  lbs.  The  stresses 
in  3-4  and  4-h  are  calculated  by  drawing  force  polygon  2-3-4-h'^'-2 
in  stress  diagram  (fc).  The  remainder  of  the  stresses  are  calculated  in 
a  similar  manner. 
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Load  StmMa» — The  stresses  will  be  calculated  for  the  fol- 
lowing conditions:  Case  i,  both  skips  loaded;  case  2,  one  skip  loaded, 
one  skip  empty,  and  one  rope  breaking;  case  3,  both  ropes  breaking. 

The  resultant  stresses,  P,  for  different  loads,  S,  are  given  in  Fig.  46. 
The  k>ads  P^  and  P,  on  the  sheaves.  Fig.  46,  for  case  i  are  24,600  lbs.. 
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Fig.  52. 

the  reactions  at  the  ends  of  the  sheave  girder  are  P'  =  P  =  24,6oo  lbs. ; 
while  the  inclined  components  E'  and  £  are  each  24,700  lbs.  For  case 
2,  Fi  =  7,800  lbs.,  Pj=^  155,200  lbs.,  P= 50,600  lbs.,  P=:  112,400  lbs., 
£'=50,800  lbs.,  and  £  =  113,000  lbs.  For  case  3,  P^  =  P^=P'=P 
=  155,200  lbs.,  E'==E=  156,000  lbs. 

Live  Load  Stresses  in  the  Posts. — The  live  load  stresses  in  the  posts 
for  cases  i,  2  and  3  are  calculated  in  Fig.  47  by  graphic  resolution. 
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The  A-bent  has  been  developed,  and  it  is  assumed  that  none  of  the  loads 
are  transferred  by  the  transverse  frames.  For  case  2,  the  transverse 
frames  transfer  part  of  the  loads  to  the  opposite  A-frame  so  that  the 
stresses  in  the  posts  near  the  bottpm  are  less  than  given  in  Fig.  47. 
There  are  no  stresses  in  the  bracing  due  to  live  loads. 
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Fig.  53. 

Live  Load  Stresses  in  the  Transverse  Frames. — The  maximum 

stresses  in  the  bracing  of  the  front  and  back  transverse  frames  will 

occur  for  case  2.    The  loads  on  the  front  transverse  frame  are  31,500 

lbs.  and  14,200  lbs.     The  stresses  are  calculated  by  graphic  resolution 

in  (6)  and  the  stresses  are  written  on  the  frames  in  (a).  Fig.  48.     The 

stresses  in  the  back  transverse  brace  are  calculated  in  a  similar  manner 
in  Fig.  49. 
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Wind  Load  Stresses. — ^The  wind  pressure  was  assumed  as  30  lbs. 
per  sq.  ft.  acting  horizontally,  and  it  is  assumed  that  the  head  frame  is 
closed  in  so  that  the  full  wind  pressure  will  come  on  the  exposed  sur- 
face. The  wind  load  stresses  have  been  calculated  by  graphic  resolu- 
tion, and  are  given  in  Fig.  50,  Fig.  51,  Fig.  52,  and  Fig.  53. 

For  the  design  of  the  sections  in  this  head  frame,  see  Chapter  VI. 


TABLE  IX. 
Stresses  in  A-Type  Head  Frame. 


MemboB. 

DaulLoad 
Stresaes. 

Live  Load  Streases. 

Wind  lotA  StresMs. 

Cuez. 

Cues. 

Cues. 

Cmcz. 

Cues. 

Cases. 

CaM4. 

FroDt  posts 

+«3.8oo 

-f-  6,900 

+31.600 

+  43.700 

+  17,600 
—  9,700 

+10,200 

—  8,500 

Back  braces 

+  3.500 

+i8,5«J 

+84.500 

-fii6,6oo 

+i3,3«> 

—  7,500 

—15,200 

+  12,700 

Bradng    6-  7 

4-S 
^3 

+  a,aoo 
+  >»700 
+  1,200 

+  5,300 
+  4,400 
+  3,800 

—  5,800 

—  3.900 

—  2,700 

Strut        s-  ^ 

3-4 

I-  2 

—  1,300 

—  600 

0 

—  3,300 

—  1,900 

0 

+  6,800 
+  4.000 
+  2,800 

Bndng   8-  g 

JO-JI 

1^13 
14-15 

—  2,300 

—  1,700 

—  1.400 

—  1,200 

-  2,900 

-  5,300 

-  9,200 
—14.300 

Stmt        <^io 
11-12 

13-^4 
'5-^ 

+   1,500 
+   1,300 
+   1,100 
—  2,000 

+  8)l~ 
+12,800 

+  7,400 

Biadag  16-17 
i8-ig 
20-21 
22-23 

—  «,90o 

—  3,300 

—  4.000 

—  5.aoo 

—  2,400 

—  3,400 

—  5,500 

—  9,500 

Stmt       17^18 
ig-20 
21-22 
2j-d 

+  3,300 
+  2,900 
+  2,500 
—  4,500 

+  2,800 
+  4,900 
+  8,100 
+  4,900 

CHAPTER  IV. 
Stresses  in  Statically  Indeterminate  Structures. 

Introduction. — In  all  structures  the  external  forces  acting  on  the 
structure  must  be  in  equilibrium,  and  the  internal  stresses  must  be  in 
equilibrium.  The  external  forces  acting  on  a  structure  are  the  loads 
which  the  structure  carries  and  the  reactions  which  equilibrate  the  loads. 
In  statically  determinate  structures  the  reactions  may  be  calculated  by 
applying  the  fundamental  principles  of  static  equilibrium  to  the  external 
forces  and  the  reactions,  (o)  the  sum  of  the  horizontal  components  of 
forces  equal  zero,  (b)  the  sum  of  the  vertical  components  of  forces 
equal  zero,  and  (c)  the  moments  of  the  forces  about  any  point  in  the 
plane  of  the  forces  must  be  equal  to  zero.  It  is  usually  only  necessary 
to  apply  the  condition  (c)  for  moments  of  forces  in  calculating  the 
reactions  of  simple  structures  carrying  vertical  loads.  Having  calcu- 
lated the  external  forces  the  internal  stresses  in  statically  determinate 
structures  may  be  calculated  either  by  algebra  or  by  graphics,  by  apply- 
ing conditions  for  equilibrium  (a)  and  (b)  (resolution),  or  condition 
for  equilibrium  (c)  (moments).  (For  the  calculation  of  statically  de- 
terminate structures,  see  Chapter  VIII,  and  the  author's  "  The  Design 
of  Steel  Mill  Buildings.") 

Structures  may  be  statically  indeterminate  externally,  or  internally, 
or  both  externally  and  internally.  A  structure  is  statically  indetermi- 
nate externally  when  the  reactions  depend  upon  the  rigidity  and  design 
of  the  structure,  as  for  example,  a  beam  supported  upon  more  than 
two  supports,  or  a  truss  of  a  swing  bridge  which  is  supported  on  three 
or  four  supports.  A  structure  is  statically  indeterminate  internally 
when  it  is  not  possible  to  reduce  the  moment  equations  for  all  members 
so  that  each  equation  will  contain  one  unknown  force;  or  reduce  the 
resolution  equations  so  that  condition  equations  (a)  and  (b)  will  each 
contain  not  more  than  two  unknown  stresses,  each  equation  containing 
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the  same  unknowns.  The  stresses  in  a  statically  indeterminate  struc- 
ture depend  upon  the  rigidity  of  the  structure,  and  it  is  therefore  nec- 
essary to  know  the  exact  sizes  and  dimensions  of  the  members  before 
the  stresses  can  be  calculated. 

If  a  structure  is  acted  upon  by  an  external  force  which  produces 
stresses  in  the  structure,  the  structure  will  deflect  under  the  load,  and 
the  stresses  in  the  members  will  cause  the  compression  members  to 
shorten  and  the  tension  members  to  lengthen.  The  external  work  will 
be  equal  to  one  half  the  product  of  the  load  and  the  deflection  of  the 
structure  under  the  load — it  is  assumed  that  the  external  load  has  been 
gradually  applied,  if  the  load  were  suddenly  applied  the  work  would  be 
equal  to  the  product  of  the  force  and  the  deflection,  which  would  double 
the  stresses  due  to  a  load  gradually  applied  and  would  cause  the  struc- 
ture to  vibrate  until  it  came  to  rest  under  the  conditions  first  assumed, 
providing  the  stresses  in  the  structure  have  not  exceeded  the  elastic 
limit  of  the  material.  The  internal  work  in  the  structure  will  be  equal 
to  the  sum  of  one  half  the  stress  in  each  member  multiplied  by  the 
deformation  of  the  member  due  to  the  stress.  Now,  since  the  structure 
simply  stores  up  the  energy  due  to  the  application  of  the  external  load, 
the  work  of  the  external  load  must  be  equal  to  the  work  of  the  internal 
stresses.  A  fourth  condition  for  equilibrium  of  a  structure  then  is, 
(d)  that  the  work  of  the  external  forces  is  equal  to  the  work  of  the 
internal  stresses. 

Since  the  work  of  the  external  forces  is  always  equal  to  the  work 
of  the  internal  stresses,  it  follows  that  the  stresses  in  any  structure  due 
to  any  external  load  or  loads  will  be  such  as  to  make  the  work  of  dis- 
tortion a  minimum,  and  be  equal  to  the  work  of  the  external  forces. 
This  principle  is  called  the  "  Theory  of  Least  Work." 

STRESSES  IN  A  FRAMEWORK  WITH  ONE  REDUN- 
DANT MEMBER.  First  Method.— The  framework  in  (a),  Fig.  55, 
is  a  two-hinged  arch  with  a  horizontal  tie,  one  end  being  fixed  and  the 
other  end  resting  on  frictionless  rollers.  The  stress  in  the  tie  j-c  will 
depend  upon  the  rigidity  of  the  triangular  truss  and  of  the  tie,  the  defor- 
mation of  the  tie  j-c  being  equal  to  the  horizontal  deformation  of  the 
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arch.    The  arch  carries  a  load  W,  which  produces  vertical  reactions 
i?i  and  R^f  which  are  statically  determinate. 

In  (b),  Fig.  55,  assume  that  the  tie  j-c  is  replaced  by  the  horizontal 
Stress,  5,,  acting  in  place  of  the  tie.  Assume  that  all  members  of  the 
framework  are  rigid  except  member  1-3,  which  is  increased  in  length,  8, 
under  the  action  of  the  load,  W,  and  that  the  right  end  of  the  arch 
moves  a  distance  A  to  the  right     Let  s  be  the  horizontal  force  neces- 


!  '^t 


Fig.  55. 


sary  to  bring  the  right  reaction  back  to  its  original  position.  Now,  the 
internal  work  in  the  member  1-3  will  he  is-U-hy  where  U  is  the  stress 
in  J-j  due  to  a  stress  5*1  =  unity,  and  the  external  work  in  bringing  the 
right  abutment  back  to  its  original  position  is  is 'A.  Now,  since  the 
internal  work  is  equal  to  the  external  work 


A  =  {7-8 


(9) 


5*      L 

But  8=    ^"'y.  f  where  L  =  length  of  the  member  in  inches,  A^=^xtai 

of  a  cross-section  of  the  member  in  square  inches,  £==  modulus  of 
elasticity  of  member  in  pounds  per  square  inch,  and  5i.g  =  stress  in 
member  j-j  due  to  load  W,  and  substituting  in  (9) 


A» 


A'£ 


(10) 


Now,  if  all  the  members  in  turn  are  assumed  to  carry  stress,  the  defor- 
mation of  the  right  end  of  the  truss  will  be 
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Now,  if  s-  U  is  the  stress  in  member  i~s  due  to  the  stress  s  acting  in 
line  with  Si  at  the  right  hinge,  then  in  the  same  manner  as  above 

A=C/S  (9) 

and  since 

s-U'L 


£ 


A.£ 
AE 


(12) 


Now,  if  all  the  ipembers  in  turn  are  assumed  to  carry  stress,  the  right 
end  of  the  truss  will  be  brought  back  a  distance 

A' -2-^-^  (13) 

Now2j=5i,  and 

Now  the  deformation  of  the  tie  3-c  is  A"=(Si'l)/(A'E),  where 
/= length  of  3-c.  Then  since  the  deformation  of  the  tie = deforma- 
tion of  right  end  of  truss,  Ai  =  A'  +  ^">  and 


2V-?  + 


A^E  ^  A.E 

Problem  i. — ^To  explain  the  application  of  the  above  method  the 
stresses  will  be  calculated  in  the  two-hinged  arch  given  in  (a),  Fig.  56, 
where  fF= 20,000  lbs.,  and  the  areas  of  the  members  are  as  given  in 
Table  X,  column  2. 

Solution, — ^The  details  of  the  solution  are  as  follows:  (i)  Assume 
that  member  3-c  is  not  acting,  and  calculate  the  stresses,  S',  in  the  truss 
in  (a),  Fig.  56,  assuming  that  it  is  free  to  move  at  the  right  reaction 
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and  carries  a  load  of  l^= 20,000  lbs.  The  stresses  are  calculated  by 
graphic  resolution  in  (b),  Fig.  56,  and  the  stresses  are  given  in  Table 
X,  column  3.  The  lengths,  L,  of  the  members  are  given  in  column  4, 
Table  X;  the  deformation  of  the  members,  for  £  =  30,000,000,  are 


W-20000lb5. 


lOOOO 


Scale  (f  Stresses 


Fig.  56. 


(b) 


given  in  column  5;  the  values  of  f/ — calculated  as  will  be  explained 
presently — ^are  given  in  column  6;  and  the  values  of  (5^-£/-L)/(/i-£) 
are  given  in  column  7.  The  total  horizontal  deformation  of  the  truss 
under  the  load  W,  is  1.142  in. 

(2)  The  stresses  in  the  framework  due  to  stress  5*1  =  unity,  are 
then  calculated.     It  was  not  convenient  to  use  a  unit  load  and  a  stress 


0 


10000' 


Scd/e  of  Stresses 
b 


(b) 


Fig.  57. 


of  5*1  =  10,000  lbs.  was  taken,  and  the  stresses  U  in  each  member  were 
then  equal  to  the  calculated  stresses  divided  by  10,000.  The  stresses  in 
the  members  due  to  S^  =  10,000  lbs.  are  called  5^'.  The  stresses  5^'  for 
each  member  are  calculated  in  (6),  Fig.  57,  by  graphic  resolution,  and 


TWO-HINGED  ARCH    METHOD. 


57 


TABLE   X. 
Deformation  of  Simple  Tkuss  for  IV  =  20,000  Lbs. 


z 

s 

3 

4 

5 

6 

7 

SAcinbcr. 

Area.  A, 
Sq.  In. 

Lbe. 

Lensth,  L, 

AE 

1/ 

A'E 

^-3 

J-2 

2^ 

^3 

2.00 
2.00 
2.00 
2.00 
2.00 

4-  28,000 

—  22,000 

—  20,000 
4-28,000 

—  22,000 

400 
320 

144 
400 

320 

4-  0.187 
—  O.I  17 

—  0.048 
4-0.187 

—  O.II7 

—  M2 

4-2.ao 
4-2.00 

—  1.42 
4-2.20 

—  0.266 

—  0.257 

—  0.096 

—  0.266 

—  0.257 

A'E 


=  — 1. 142  in. 


TABLE   XL 
Deformation  of  Simple  Truss  for  5*1=  10,000  Lbs. 


z 

a 

3 

4 

5 

6 

7 

Area  A, 
Sq.  In. 

St«M.  5". 
Lbs. 

Length.  L, 

AE 

U 

S"'U'L 
AE 

tf-/ 

J-2 

2^ 

^3 

2.00 
2.00 
2.00 
2.00 
2.00 

—14,200 
4-22,000 
4-20,000 
—14,200 
-f-22,000 

400 
320 

144 
400 

320 

-0.095 
4-0.117 
4-0.048 
—0.095 

4-O.II7 

—1.42 

-f  2.20 
4-2.00 
—1.42 

4-2. 20 

o.>3S 

0.257 
0.096 

0.135 
0.257 

A'E 


=0.880  in 


s-^ 


0.50 


— 10,000 


576 


.384 


— i.oo 


0.384 


0.384        0.880  \ 


,  /  0.384 
*  \  10,000 


+ 


10.000 


; 


=  — 1. 142.        S^-=  —  9,060  lbs. 


are  given  in  column  3,  Table  XL  The  stress  (C/)  in  each  member  due 
to  a  stress  of  unity  in  the  horizontal  tie  are  equal  to  stress  5^'  divided 
by  10,000,  and  are  given  in  column  6.  The  deformation  of  the  frame- 
work for  5i  =  10,000  lbs.  is  0.880  in.  The  deformation  of  the  tie  3-c 
for  a  stress  of  10,000  lbs.  will  be  0.384  in. 

(3)  Now  the  deformation  of  the  framework  will  be  equal  to  the 
deformation  of  the  tie.  The  total  deformation  will  be  equal  to  deforma- 
tion of  the  tie  for  a  stress  of  one  lb.,  plus  the  deformation  of  the  frame- 
work for  a  stress  of  one  lb.,  both  multiplied  by  the  true  stress  in  the 
tie,  and 


384       0.880  \ 


000      10,000 


J  SB  —  1. 142  in.,    and    5i «  —  9,060  lbs.  (16) 


58 


STRESSES   IN   INDETERMINATE  STRUCTURES. 


The  Stresses  in  the  two-hinged  arch  with  a  stress  of  5*1= — 9,060 
lbs.  in  the  tie,  have  been  calculated  in  (fc),  Fig.  58,  by  graphic  resolu- 
tion.   The  stresses  in  the  members  of  the  two-hinged  arch  may  be  cal- 


W-lOOOOIbs. 


3060  lbs, 

(a) 


10000 


Scale  of  Stresses 
Fig.  sa 


culated  algebraically,  by  adding  algebraically  the  stress  5^  in  Table  X 
to  the  stress  t/  X  9,060  for  the  corresponding  member  in  Table  X.  For 
example  the  stress  in  member  Of-i  in  the  two-hinged  arch =4-28,000 
— 142  X  9,060=  +  15,150  lbs. 


TABLE  XIL 
Deformation  of  Framework. 


^.  U'L 


X 

* 

3 

4 

5 

6 

7 

Member. 

Area,  A, 
Sq.  In. 

Stress.  S, 
Lbs. 

Length.  L, 

A'E 

[/ 

S'U'L 
A'E 

a~i 
'-3 

1-2 

2-b 
^3 

2.00 
2.00 
2.00 
2.00 
2.00 

—  2,100 

—  1,900 
—15,150 

—  2,100 

400 
320 

400 

O.IOI 
— 0.0  II 
— 0.004 

O.IOI 

— aoii 

—142 

+  2.20 
4-2.00 

—1.42 

+2.20 

—0.144 
—0.026 
—0.008 

—0.144 
— 0.026 

5  ^.^  --0.348 

Deformation  of  tie  /-j. 

3-c 

0.50 

— 9,060           576              —0.348 

—1. 00            -ho.34S 

The  deformation  of  the  framework  has  been  calculated  in  Table 
XII.  It  will  be  seen  that  the  deformation  of  the  framework  is  equal 
to  the  deformation  of  the  tie,  which  checks  the  solution. 


THEORY  OF  LEAST   WORK. 


59 


The  deformations  of  the  structure  may  also  be  calculated  by 
graphics — see  Chapter  XIV,  "  The  Design  of  Steel  Mill  Buildings." 

Second  Method. — The  second  method  depends  upon  the  theorem 
due  to  Castigliano,  commonly  called  the  "Theory  of  Least  Work," 
which  will  now  be  explained. 

THEORY  OF  LEAST  WORK.— In  Fig.  59  a  beam  or  truss  is 
loaded  with  two  loads,  P^  and  P,,  which  produce  deflections  y^  and  y,. 


Fig.  59l 


The  external  work,  W,  done  by  the  two  loads,  if  both  P^  and  P,  are 
increased  gradually  from  zero  to  full  load,  will  be  equal  to  the  internal 
work,  and  will  be 

JV=-iPry.  +  iPfy2  (17) 

Now  let  Pi  be  increased  by  a  differential  load  rfPj,  producing  a  further 
deflection  of  dy^  under  P^,  and  dy2  under  Pj.  The  external  work  will 
then  be 

W  +  dlV  =  iP,-y,-\-P,-dy,  +  idP,-dy,-\-iP,-y,-\-P,-dy,    (i8) 

since  Pi  and  P,  act  through  the  entire  distances  dy^  and  dy2,  respectively. 
Subtracting  (17)  from  (18),  and  dropping  the  product  of  differen- 
tials 

dW^P.'dy.+P^'dy^  (19) 

Now  if  Pi  +  dPi  and  Pj  are  increased  gradually  from  zero  to  full 
values, 

W  +  dW=UPi  +  dPr)  (yi  +  dy,)  +  iP,(y,  +  dy,)=^P,-y, 

+  iP^-dyr  +  \dP,-yy  +  hdP^'dy,  +  \P,-y,  +  \P,.dy,     (20) 
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Subtracting  (17)  from  (20), and  dropping  products  of  differentials, 

dW=iP,'dy,  +  idP,'y,  +  iP,^dy,  (21) 

Now  multiply  (21)  by  2,  and  subtract  from  (19),  and 

dlV=dP^'y,, 
and 

dlV 


dP, 


=^1  (22) 


which  is  Castigliano's  first  theorem. 

Castigliano's  first  theorem  then  is,  '*The  derivative  of  the  total 
internal  work,  W,  with  respect  to  any  one  load,  or  external  force,  P^, 
is  equal  to  the  displacement,  y^,  in  the  direction  of  this  load,  P^," 

Castigliano's  second  theorem  is  ''The  derivative  of  the  work, 
W,  due  to  any  load,P^,with  respect  to  the  displacement, y^, in  the  direc- 
tion  of  Pi,  is  equal  to  the  load,  P^!' 

This  can  be  proved  from  equation  (17)  by  making  P,  equal  zero, 
when 

The  second  theorem  of  Castigliano  is  of  little  use,  the  first  theorem 
being  the  more  important  one. 

Application  to  a  Framed  Structure. — Now  let  S^,  5*,,  ^3,  etc. ;  A^, 
A2,  A^,  etc.,  and  L^,  Lj,  L,,  etc.,  be  the  stresses,  sectional  areas,  and  the 
lengths  of  the  members  of  a  framed  structure  when  carrying  a  load ; 
and  let 

A^ .  £■"     1'  A^ .  E        ^'  A^ .  £"  ^  ^^^' 
Then  the  work  of  deformation  will  be 

W=\S*-B^  +  \S^-B,  +  \S*-B,  +  etc.  (23) 
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Differentiating  (23)  with  reference  to  S^,  and 


dS,' 


+  cta    (24) 
(25) 


STRESSES  IN  A  FRAMEWORK  WITH  ONE  REDUN- 
DANT MEMBER.  Second  Solution. — ^The  framework  in  (a),  Fig. 
60,  carries  a  load,  P  =  20,000  lbs.  The  area  of  each  member  is  -^  =2 
sq.  in.  The  framework  would  be  stable  with  either  member  AD  {S^) 
or  member  CB  {S^),  and  has  therefore  one  redundant  member. 


Fig.  60. 

Solution. — ^Replace  the  member  AD  by  the  stress  in  the  member  5*5, 
which  will  be  calculated  later.  Then  calculate  the  stresses  in  the  re- 
maining members  in  terms  of  the  stress  in  5*5.  The  stresses  in  the 
members  are  given  in  Table  XIII,  column  4.  The  derivative  of  the 
stress  in  each  member  with  reference  to  5*5  is  given  in  column  5.  The 
deformation  in  each  member  for  a  unit  stress,  is  B  =  L/A-E,  where 
L  =  length  of  the  member  in  in.,  A  =area  of  cross-section  of  member 
in  sq.  in.,  and  £  =  30,000,000  =  modulus  of  elasticity  of  steel.    Now  if 
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dS 

dS^  is  assumed  as  unity,  then  *'[^=^  U,  and  the  stresses  in  column  5 

are  the  stresses  in  the  members  due  to  a  stress  of  unity  acting  in  place 
of  5b.    The  derivative  of  the  work  of  each  member  with  reference  to 

/dS\ 
5*5,  will  be  =^••^•1  ;jc"  )  =  Ayi  =  the  deformation  of  the  structure  i 

line  of  member  5*5,  due  to  stress  of  5*. 
The  sum  of  the  values  in  column  7  is 


m 


dS, 


-£^-^(f)-..- 


2.707         -,  2.014         _ 


.J  N^-^ft/  500,000  ■     500,000 

Now  the  deformation  of  S^  for  a  stress  of  5*5  lbs.  is 

1.414    c 
500,000    *         "^^ 

Solving  equations  (26)  and  {2y)  for  5*5  gives 

5*5= — o.625P= — 12,500  lbs. 


(26) 


(27) 


TABLE   XIII. 
Calculation  of  Work  EguAnoNs  ran  P  =  20,000  Lbs. 


Monbcr. 


St 

s» 

^4 


a 

3 

Sq.  Xn. 
2.00 

Length, 
Z.In. 

120 

2.00 

120 

2.00 

120 

2.00 

170 

Streu  S,  in 
Terms  of  5§. 


p+ 0,707  s^ 

—  0.7075^ 


+  0.707 
—0.707 
—0.707 

-|-  I.OOO 


AE 


^B 


500,000 
I 

500,000 
I 

500,000 

'.414 
500,000 


BS 


wsJ 


0.707 
500,000 


(/> +0.7075;) 


0.500 

500,000 
0.500 

500,000 


2.00 
500,000 


(/>+ 0.707^5) 


a.707    ^^    »-9i4    ^^ 


500,000 


500,000 


2.00 


170 


+  I.OO 


MI4 

500,000 


— ^1^ 


MM 

500,000 


^•7<^7   p_^,J^s,  +  ^l^S,  =  o;  .9,  =  -o.625/>  =  - 12,500  Ibi. 


500,000      '    500,000    "  '   500,000 
If  member  S^  is  rigid  the  second  value  in  column  7  is  zero,  and 

^'^^   ^+^]^^i+  .^ll.^t  =  ^>  ^5  =  -o.7o7^=-i4,i4oIbs.=  — 5,. 


500,000 


500,000 


500,000 
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If  the  member  S^  is  rigid  the  second  value  in  column  7  is  zero,  and 
solving  as  above 

55= — o.707P= — 14,140  lbs.= — 5*4, 

stresses  S^  and  S^  being  equal,  as  they  should  be. 

STRESSES  IN  A  FRAMEWORK  WITH  TWO  REDUN- 
DANT MEMBERS.— The  framework  in  Fig.  61  would  be  stable  with 
either  of  the  diagonal  members  in  each  panel,  and  therefore  has  two 
redundant  members.  The  framework  is  statically  determinate  for  ex- 
ternal forces;  /?i  =  20,000  lbs.,  and  /?2=  10,000  lbs. 


/O'O''' 


— 20-0"' -1 


Fia  61. 


To  calculate  the  stresses  in  the  redundant  members,  replace  the 
truss  members  by  stresses  S^  and  S2,  respectively,  and  solve  for  the 
unknown  stresses.  In  Table  XIV  the  stresses  in  the  members  of  the 
framework  in  terms  of  S^  and  S^  are  given  in  column  4 ;  dS/dS^  =  U, 
and  dS/dS2=  U'  are  given  in  columns  5  and  6,  respectively;  values  of 
L/^ -£=5  are  given  in  column  7;  values  of  B-SidS/dS^)  in  column  8, 
and  B'S^dS/dS^)  in  column  9.    Now  the  sum  of  column  8  is  equal  to 

2.83 


the  displacement  in  line  of  member  S^=^y^\  also  ^1= — 


500,000 


O  ja 
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The  sum  of  column  9  is  equal  to  the  displacement  in  line  of  member 

4.47 


^y,  =  3^2;  also  yj  = 
solving  we  have 


500,000 


5*2.    Equating  the  values  of  y^  and  y,,  and 


8.160  5*1+  0.31752= — 100,000 


0.31751+ 14.1405 
Multiply  (28)  by  14.14/0.317,  and 


171400 


370,000  5i  +  14.14052= — 4,500,000 
and  subtracting  (29)  from  (30)  we  have 

3691683  5i = — 4,328,400  lbs. 
5i= — 11,800  lbs 

5,= — 11.400  lbs. 


also 


(28) 
(29) 


(30) 


Substituting  in  column  4,  Table  XIV,  gives  St= — 16480  lbs.,  and 
5',=:— 10,933  lbs. 

WORK  OF  FLEXURE.— Let  (a),  Fig.  62,  be  a  portion  of  a 
beam  which  is  in  flexure  under  the  action  of  an  external  load  or  loads. 


4    2 


(a) 


Fig.  62. 


and  has  a  bending  moment  M  at  the  section  1-2,    Then  the  stress  in 

M-y 
any  fiber  at  a  distance  y  from  the  neutral  axis  NA  is  5*  =  — --- ;  and 
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the  deformation  of  any  differential  length  dx  at  a  distance  y  from  the 
neutral  axis  NA  will  be 

dt^^-dx^-^—jy.dx  (31) 

where  £  is  the  modulus  of  elasticity  of  the  material  composing  the 
beam,  and  /  is  the  moment  of  inertia  of  the  section  1-2  about  the  neu- 
tral axis  UA.  Then  the  deformation  of  a  fiber  of  length  dx  at  the 
outer  fiber  will  be 

dL'^^jh-dx  (32) 

If  ir  is  the  breadth  of  the  beam  at  a  distance  y  from  NA,  then  the  stress 
on  a  differential  area  dA  of  the  fiber  at  a  distance  y  from  NA  will  be 

S^j-e.y.dy  (33) 

and  the  work  of  resistance  of  the  differential  fiber  will  be 

I    M         ,       M 


dw 


2  'eh^  '^^y^j^y-^y  (34) 


Integrating  (34)  between  the  limits  +/i  and  — h\  the  work  of 
resistance  on  the  length  of  beam  dx,  is 

I   i?/*    .    r+* 


Now 


z  >j^dy  =  /,     and    dW^  -  -r, — j  dx  (36) 

The  total  work  of  resistance  in  a  beam  with  a  length  /  will  be 

"X's^'^-^  (37) 


w 

Now 


y^-dp--"^ i  ^KdPJErj       (38) 


WORK  OF  SHEAR.  6/ 

dM 
Now  if  P=i,--—  will  be  the  bending  moment  at  the  point  due  to  a 

load  unity  =>ilf',  and 


,-rv. 


■"'^  (39) 


To  calculate  the  deflection  in  a  beam  with  a  load  P  at  a  distance  a 
from  the  left  abutment,  it  is  more  convenient  to  write  equation  (37) 
in  the  form,  where  E  and  /  are  constant 

where  M^  is  the  bending  moment  in  the  beam  at  any  point  to  the  left 
of  the  load,  and  M^  is  the  bending  moment  at  any  point  to  the  right  of 
the  load. 

WORK  OF  SHEAR— The  work  of  resistance  due  to  shear  is 
usually  so  small  that  it  may  be  neglected.  In  (6),  Fig.  62,  let  V  be  the 
shear  on  the  section,  -4=  area  of  the  cross-section,  and  G= modulus 
of  elasticity  in  shear.  ^ 

Now  the  angular  distortion  due  to  shear  will  be 

(41) 


G^A 


ana  the  work  due  to  shear  in  a  distance  dx,  if  the  shear  is  uniformly 
distributed  over  the  section,  will  be 

dWl  =  IF.  a .  dx^-^—.dx 
•       *  2G*A 

But  the  shear  is  not  in  general  uniformly  distributed,  and 


Then  the  work  due  to  shear  is 


IGTA'^  (43) 
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where 


where 


V  r* 


where  fe''= distance;  above  NA  to  the  fiber  for  which  t  is  to  be  found, 
6  =  width  of  the  cross-section,  3;  =  ordinate  of  the  given  point  above 
NA,  and  /  =  static  moment  of  inertia  of  the  cross-section  with  respect 
to  the  neutral  axis ;  n  is  a  quantity  greater  than  i  and  less  than  2.    For 

2l  rectangular  beam,  n=- ;  for  a  solid  circular  beam,  n=     ;  while  for 

5  9 

a  steel  I-beam,  n=i  (approximately). 

DEFLECTION  OF  A  BEAM.— The  internal  work  in  a  simple 
beam  with  a  constant  cross-section,  having  a  span  I,  and  carrying  a  load 
P  at  the  middle  will  be 

^-X-iEn^  +  i^TA^^  (44) 

-ir:7[r^.''*+X>-''^]  +  r^'^  <*" 

Now  M^=iP-x,  Mj=iP{l--x),  and  V=P/2 

W'-s-^l  r  P*.x'.dx+  fp'.P.dx-  f  iP'-l-xdx 
oH--  J  L  ./o  Jin  Jin 

-7  +  -^7T-T  C47) 


96£-/^  SG-A 
But 

dW_ 

dP~-^'' 
and 


I  PP      n-P-! 
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For  a  i2-inch  steel  I-beaiti  @  31^  lbs.,  20  ft.  long,  and  P=  10,000 
lbs.,  «=  I,  £  =  30,000,000  lbs.  per  sq.  in.,  and  G  =  12,000,000  lbs.  per 
sq.  in.,  7=215.8  in.*,  area  of  web,  A  =  i2X  0.35  =  4.20  sq.  in. 

Then 

Vi  =:  0.089  ii^s.  +  0.00 1 19  ins. 

The  deflection  due  to  shear  is  then  less  than  i^  per  cent  of  that  due 
to  bending  moment. 

Deflection  of  a  Simple  Beam  with  a  Uniform  Load. — ^A  simple 
beam  with  span  /,  carries  a  uniform  load  w  per  lineal  unit  of  length. 
Now 


^1 


r^-^'^        (49) 


where  for  a  beam  uniformly  loaded,  M  is  the  bending  moment  at  any 
point  due  to  the  loading,  and  M'  is  the  bending  moment  due  to  a  load 
unity  placed  at  the  point  at  which  the  deflection  is  to  be  calculated. 

Now  at  any  point  x  measured  from  the  left  end,  Af  = — , 

and  Af' = j on  the  left  of  the  point,  and -, on  the  right 

of  the  point,  where  a  is  the  distance  of  the  point  from  the  left  end. 
Substituting  in  equation  (49)  gives 


-r( 


w-l'X     w-4r*\._  {ix 


2  2      )         E'l 


^-^r  (SO) 


X 

Now  for  the  center  of  the  beam  Af' =  -,  and 

2 


\  {-2 r-)2E7i  (5^) 

[-6— si  (5^) 


EI 

_S_  w-l* 

iHEI 


(53) 
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DEFLECTION  AT  CENTER  OF  A  BEAM  FIXED  AT 
BOTH  ENDS,  Concentrated  Load  at  Middle. — ^A  beam  of  constant 
cross-section  carrying  a  load,  P,  at  the  center  is  fixed  at  both  ends.  It 
is  required  to  calculate  the  deflection  at  the  center. 

Let  Afo  =  moment  at  left  support  and  il/i  =  moment  at  any  point 
for  a  simple  beam,  then  the  bending  moment  at  any  point  will  be 

P'X 

At  left  of  center  M= Afo  H ,  and  at  right  of  center 

Now  the  deflection  at  the  left  support  is  zero,  and  Af' =sjr,  for  a 
unit  load  at  left  support.    Then 


+  ^X,r«"-~2-+-T-J'''    (55) 

PI 

from  which  Mq  = — -  (56) 

o 

Then  to  calculate  the  center  deflection 

and  ,^,  I      X 

and  substituting  in 


__P_\£_    ^    ill 

~  2E- 1  L  32  ~  16      24  J 


p.  I'' 

igzE- 1 


(58) 
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Deflection  at  Center  of  a  Beam  Fixed  at  Both  Ends,  Uniform 
Load. — ^A  beam  of  constant  cross-section  carrying  a  load,  w,  per  lineal 
foot,  is  fixed  at  both  ends.  It  is  required  to  calculate  the  deflection  at 
the  center. 

Let  Afo=  moment  at  the  left  support,  then  the  bendmg  moment  at 
any  point  will  be  Af  =  Mo  +  ''^u  where  Mo  and  M^  are  as  in  the  pre- 
ceding problem,  and 

•  2  2 

Now  the  deflection  at  the  left  support  is  zero.    Then  with  a  load  unity 
at  the  left  support  M'=^x,  and 


and 


[-^+-1 t.-^l-o  (59) 


w-l* 
M, (60) 


The  moment  at  any  point  is  then 

M^ h (6i) 

12  2  2  ^      ' 

Now  from  the  preceding  problem  with  a  load  unity  at  the  center 

^'--8  +  2 
and  substituting  in 


2      C^^ 


w     r"*/i*     \oP-x    xoP'X      .\  ,         ,^  ^ 

?-/|48~96'*"  192  ~64j 


2E 

w-l* 
1^E77  (^3) 
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For  Other  applications  of  the  Theory  of  Least  Work  see  Hiroi's  j 

"  Statically  Indeterminate  Stresses,"  Church's  "  Mechanics  of  Internal  | 

Work,"  and  Johnson,  Bryan  and  Tumeaure's  "  Modem  Framed  Struc- 
tures," Part  II. 

METHOD  OF  AREA  MOMENTS.— The  statement  of  the  fun- 
damental theorem  of  area  moments  is :  If  A  and  B  are  two  points  in 
a  beam,  the  deflection  of  B  with  respect  to  a  tangent  at  A,  is  equal  to 
the  moment  of  the  area  of  the  portion  of  the  equilibrium  polygon  be- 
tween A  and  B,  multiplied  by  H/E-I  where  E  is  the  modulus  of  elasti- 
city of  the  material,  I  is  the  moment  of  inertia  of  the  section  of  the 
beam,  and  H  is  the  pole  distance  of  the  force  polygon  that  was  used 
in  drawing  the  equilibrium  polygon. 

Proof. — Now  from  (39)  the  deflection  of  B  with  respect  to  a  tan- 
gent at  A  is 

y.^j'M.W^^  (39) 

Now  if  a  unit  load  is  placed  at  B,  the  bending  moment  at  a  distance  x 
from  B  will  be,  M'  =  x.  Also  let  an  equilibrium  polygon  be  drawn  for 
the  given  loading  with  a  force  polygon  having  a  pole  distance  H ;  and 
if  jsr  ==  the  ordinate  to  the  equilibrium  polygon  at  any  point,  then 
M  =  H'2  (see  "The  Design  of  Steel  Mill  Buildings,"  Chapter  V). 
Substituting  the  values  of  M  and  M'  in  (39) 


■'-"L 


'  dx 

^  ^  •  ^1T7  (^*) 


But  z-x  is  the  moment  of  the  bending  moment  at  any  point  about  the 
point  B,  and  (64)  becomes 

j^  {Moment  of  Area  equilibrium  polygon  A  to  B  about  B) 
y^  =  H (65) 

which  proves  the  principle  of  area  moments.     (See  Chapter  XVa, 
"  The  Design  of  Steel  Mill  Buildings,"  for  a  direct  proof  not  using  the 
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work  equation.)     The  application  of  the  method  of  area  moments  will 
be  illustrated  by  means  of  several  problems. 

Deflections  of  Simple  Beams* — ^The  simple  beam  v/ill  be  considered 
when  loaded  with  concentrated  and  with  uniform  loads,  using  both 
algebraic  and  graphic  methods. 

Algebraic  Method — Concentrated  Load  at  Center  of  BeanL — 
The  simple  beam  in  (a),  Fig.  63,  is  loaded  with  a  load,  P,  at  the  center. 
The  bending  moment  diagram  is  shown  in  (b),  and  the  beam  is  loaded 
with  the  bending  moment  diagram  in  (c),  Fig.  63. 


To  find  the  equation  of  the  elastic  curve,  take  moments  of  the  forces 
to  the  left  of  a  point  at  a  distance  jc  from  the  left  support,  and 


^E*  I •y 


P.D^x     P.x' 


16 


12   ' 


and 


48£/.3'=/'(4^  — 3^*-^) 


(66) 


The  maximum  deflection  will  occur  when  ■r=^L  in  (66),  or  it  may 
be  found  by  taking  moments  of  forces  to  left  of  x=^L,  to  be 


A- 


48E-I 


(660 


Beam  Uniformly  Loaded. — The  simple  beam  in  (o),  Fig.  64,  is 
loaded  with  a  uniform  load  of,  w^  per  lineal  foot.     The  bending  moment 
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parabola  is  shown  in  (;b),  and  the  beam  is  loaded  with  the  bending 
moment  parabola  in  (c).  Fig.  64.  To  find  the  equation  of  the  elastic 
curve,  take  moments  of  forces  to  the  left  of  a  point  at  a  distance  x 
from  the  left  support. 

The  equation  of  the  bending  moment  parabola,  with  the  origin  of 
coordinates  at  the  left  support,  is  y  =  iP-L-x — ^P-x^;  the  area  of  a 
segment  of  the  parabola,  is  A  =  lW'L'X^  —  i-6w'X*,  and  the  center  of 
gravity  measured  back  from  x  is 

x(2L  -  x) 

Taking  moments  of  forces  to  the  left  of  a  point  x,  and  reducing, 
we  have 

24E'I'y=w(—x*  +  2L'X^—L*>x)  (67) 


The  deflection  is  a  maximum  when  x==iL,  and  may  be  found 
directly  by  taking  moments,  or  may  be  found  from  (67),  and  is 


5    W'L^ 


384  ^z 


(68) 


Cantilever  Beam — Concentrated  Load. — The  cantilever  beam  in 
(a).  Fig.  65,  has  a  concentrated  load,  P,  at  its  extreme  end.    It  will  be 


4 


(a)  s 


^ 


■c 


— 1_  _ 


-05 

--♦I 

I 
I 

^^o 


(d) 


Fig.  65. 


seen  that  the  cantilever  beam  may  be  considered  as  one  half  of  a  simple 
beam  with  a  span,  2L,  and  a  load,  2P,  at  the  center.  The  equation  of 
the  elastic  curve  may  be  found  as  in  Fig.  63.    Load  the  beam  with  the 
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bending  moment  diagram  as  in  (&),  Fig.  65,  and  considering  the  canti- 
lever as  one  half  of  the  simple  beam,  we  have,  after  reducing, 

6£-/.3f=3P.L».;r— P.jr«  (69) 

The  maximum  value  of  A  is  equal  to  y  when  x  equals  L,  and 

P  1} 

To  find  the  maximum  deflection  take  the  moment  of  the  entire  bend- 
ing moment  parabola  about  the  point  i,  and 

E.I. A '—xlL 

P.D 


lE.I 

This  method  of  finding  the  maximum  deflection  of  a  cantilever 
beam  is  the  one  to  use  in  calculations,  and  will  be  used  in  the  solution 
of  the  problem  of  the  transverse  bent. 

Deflection  of  a  Simple  Beam.  Graphic  Method.* — It  is  proved  in 
books  on  applied  mechanics  that  the  differential  equation  of  the  elastic 
curve  of  a  beam  is 

d^y        M 


dx^      E^I 


(;0 


It  has  been  proved  in  equation  (65)  and  in  "The  Design  of  Steel 
Mill  Buildings  "  that  if  a  beam  be  loaded  with  a  continuous  load  repre- 
sented by  the  equation  y=/-r,  that  a  force  polygon  be  constructed  with 
a  pole  distance  H,  and  that  an  equilibrium  polygon  be  constructed  using 
this  force  polygon,  the  differential  equation  of  the  equilibrium  polygon  is 

^  -  ^  (72) 

dx"      H  ^^72; 

By  comparing  equations  (71)  and  (72)  it  will  be  seen  that  if  jx 

*  For  the  details  of  drawing  a  force  polygon  and  its  equilibrium  polygon,  see 
the  author's  "  The  Design  of  Steel  Mill  Buildings,"  Chapter  V. 
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and  H,in  (72),  be  taken  equal  to  M  and  E-I,  respectively,  in  (71),  the 
equilibrium  polygon  will  be  the  elastic  curve  of  the  beam. 

To  construct  the  elastic  curve  of  a  beam  with  a  constant  moment  of 
inertia  /,  and  constant  modulus  of  elasticity  E,  proceed  as  follows : 

Construct  the  bending  moment  polygon  for  the  given  loading  on 
the  beam.  Load  the  beam  with  this  bending  moment  polygon,  and  with 
a  force  polygon  having  a  pole  distance,  E-I,  construct  an  equilibrium 
polygon;  this  polygon  will  be  the  elastic  curve  of  the  beam.  It  is  not 
commonly  convenient  to  use  a  pole  distance  equal  to  EI,  and  a  pole 
distance  H  is  used,  where  N-H  equals  E-I ;  the  deflection  at  any  point 
will  then  be  equal  to  the  measured  deflection  divided  by  N. 

If  the  moment  of  inertia  is  variable,  we  may  take  fx  =  M/I,  and 
use  a  pole  distance  equal  to  E.  The  beam  will  then  be  loaded  with  a 
load  polygon  the  ordinate  at  any  point  of  which  is  y'^^M/I.    If  £  is 

also  a  variable  the  beam  may  be  loaded  with  a  load,  fx=  -^     ,  and  the 

pole  distance  will  he  H  =  N. 

It  will  thus  be  seen  that  the  deflection  of  a  simple  beam  of  variable 
moment  of  inertia,  loaded  with  any  system  of  loads,  may  be  calculated 
with  comparative  ease. 

Simple  Beam. — In  Fig.  66  a  simple  beam  is  loaded  with  a  load,  P, 
as  shown.  With  force  polygon  (b),  draw  equilibrium  polygon  (c). 
Now  load  the  beam  with  equilibrium  polygon  as  in  (c),  and  divide  the 
area  of  the  equilibrium  polygon  into  segments,  which  are  treated  as 
loads  acting  through  their  centers  of  gravity.  Construct  force  polygon 
(d)  and  draw  equilibrium  polygon  (e). 

Now  the  deflection  at  any  point  having  an  ordinate  y,  in  (e),  will 
be,  if  proper  scales  are  used, 

^""        E-I 

In  Fig.  66,  if  P  equals  3,000  lbs.,  and  the  area  of  the  equilibrium 
polygon  and  pole  distance  H'  are  measured  in  square- foot  pounds,  pole 
distance  H  in  pounds,  and  y  in  feet,  we  will  have 
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1.88  in.  at  center,  while  the  maximum  value  of  deflection  is 

A'  =  1 .92  in. 
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(d) 

Fig.  66. 


Taiigents  to  Elastic  Curve.— If  strings  i  and  3  in  (^),  Fig.  66,  be 
produced,  they  will  intersect  at  2,  on  a  line  through  the  center  of  grav- 
ity of  the  moment-area  polygon,  and  the  strings  1-2  and  2-3  will  be 
tangents  to  the  elastic  curve  at  the  supports  R^  and  R^,  respectively. 
This  gives  an  easy  method  for  constructing  the  tangents  to  the  elastic 
curve  without  constructing  the  curve.  It  is  also  seen  that  the  tangents 
to  the  elastic  curve  depend  only  on  the  amount  of  the  moment  area 
and  the  position  of  its  center  of  gravity,  and  are  independent  of  the 
arrangement  of  the  moment  areas. 

Deflection  of  a  Beam  with  Variable  Moment  of  Inertia. — A 
simple  beam  with  a  variable  moment  of  inertia,  and  having  a  length  /, 


I 
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carries  a  uniform  load  w,  per  lineal  foot  of  beam.  The  moment  of 
inertia  of  the  middle  half  of  the  beam  is  1 2,  while  the  moment  of  inertia 
of  the  end  quarters  is  /j.  Required  to  calculate  the  maximum  deflec- 
tion of  the  beam. 

Load  the  outer  quarters  of  the  beam  in  Fig.  67  with  fx=M/Ii,  and 
the  middle  half  with  fx=M/l2. 


mM 


t 


1 

I 
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1" 
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Now  the  area  of  the  segment  of  the  parabola  A^,  in  which  x  is  the 
distance  from  the  left  support  to  the  end  of  the  segment,  is 

1  W'/-x*      iW'x'       5    W'/* 

- 


A 


(73) 


4      /,  6     /,         384    /, 

Area  A^  equals  the   area  of  the  half  parabola,  whose  ordinates  are 
fx=M/Ii,  minus  the  area  of  the  outer  quarter  of  the  parabola,  and 


I  «>•/* 


$    W-P         II   W-P 


384     /,  384     /, 


(74) 


Now  the  distance  x^  from  the  center  of  the  beam  to  the  center  of 
gravity  A^,  is 

/ 


where 


*'i  =  ^i  +  4 
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•.-^^^-^  (75) 


and 
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To  calculate  jt,,  subtract  the  static  moment  about  a — a,  of  the  left 
quarter  of  the  parabola  where  fx=M/I^,  from  the  static  moment 
about  a — a  of  the  left  half  of  the  same  parabola,  and  divide  by  the  area 
A^.    The  center  of  gravity  of  A^  is 
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Now  the  maximum  deflection  A  will  be  found  at  the  center  of  the 
beam,  and  will  be  equal  to  the  bending  moment  at  the  center  of  the 
beam  divided  by  E,  and 

/ 
£-  A  —  J?/  X  -  —  -<4j  X  x^-'A^x  x^ 
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n\ A^l      ILL       ^7    ^       ^^    '1   /'    \ 
"^'^  L768/,"'"7687,~6T^7,"6ri47j    ^77) 

Reducing  and  dividing  by  E 

Deflection  of  Beams  Fixed  at  Ends. — The  simple  beam  in  Fig.  66 
is  loaded  with  a  load  P,  The  beam  is  loaded  with  the  bending  polygon 
(c),  calculated  by  means  of  force  polygon  (&),  and  equilibrium  polygon 
(e)  is  calculated  by  means  of  force  polygon  {d).  The  ordinates  of 
equilibrium  polygon  {e)  will  be  proportional  to  the  true  deflections. 


8o 
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From  Fig.  66  it  is  seen  that  the  tangents  1-2  and  2-3  to  the  elastic 
curve  at  the  supports  depend  upon  the  amount  of  the  bending  moment 
and  the  position  of  the  center  of  gravity  of  the  moment  area,  and  are 
independent  of  the  arrangement  of  the  moment.  To  fix  the  ends  of 
the  beam  in  (a),  Fig.  68,  it  will  therefore  be  necessary  to  have  a  nega- 
tive bending  moment  equal  to  the  positive  bending  moment  in  amount, 
and  having  its  center  of  gravity  on  the  same  vertical  line. 


i 


.  cr 


i 


I 


Fig.  6a 


It  therefore  follows  that  for  a  straight  beam,  with  constant  moment 
of  inertia,  /,  and  modulus  of  elasticity  £,  to  have  fixed  ends  the 
following  equations  of  condition  must  be  satisfied 


2M  =  o 
2M--r=o 


(78) 
(79) 


In  Fig.  68  a  beam  of  span  L,  fixed  at  the  ends  is  loaded  with  a  load, 
P,  at  a  distance  a  from  the  left  end.  The  bending  moment  at  the  left 
and  right  ends  is  M^  and  M^,  respectively,  M^  and  M^  being  negative, 
and  the  moment  under  the  load  is  Af  =  P-o(L  —  a)/L,  To  calculate 
Ml  and  Afj,  substitute  in  equations  (78)  and  (79),  and  solve  for  the 
unknown  bending  moments. 

From  equation  (78) 


^(£_.)  +  (^±iffi^_o 


(78') 


and  from  equation  (79),  taking  moments  about  the  left  end  of  the  beam. 
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P.a\L~a)  P.a(L-a)'     f        L-a\      M.^L      L 

— iz — ^♦"•^ — ^z — ""r+T'J"*"""^    3 

+  ^-Xy-o     (79') 

The  values  of  Af^  and  M^  can  be  calculated  from  equations  (78') 
and  (79')  for  any  value  of  a. 

Now  if  a=L/2,  we  have,  after  reducing 

And 

^p.Z»  +  -i^— +  -J^ o  (79") 

Multiply  (78")  by  L/6,  and 

P'D     M,.D     M.'D 

Subtracting  (80)  from  (79") »  we  have 

and 

M^=—\PL  =  M^  (81) 

The  maximum  moment  at  the  center  will  be  iP'L,  and  the  points  of 
contra-flexure  will  be  at  the  quarter  points  of  the  beam. 

CONTINUOUS  BEAMS.— A  beam  which  in  an  unstrained  con- 
dition rests  on  more  than  two  supports  is  a  continuous  beam.  For  a 
straight  beam  the  supports  must  all  be  on  the  same  level.  Beams  of 
one  span,  with  one  end  fixed  and  the  other  end  supported,  or  with  both 
ends  fixed,  may  also  be  considered  as  continuous  beams. 

In  Fig.  69  the  continuous  beam  in  (a)  with  spans  L^  and  Lj,  carries 
a  uniform  load,  w,  per  lineal  foot.  It  is  required  to  calculate  the  reac- 
tions -Ri,  Rzj  and  R^, 

The  reactions  of  the  continuous  beam  in  (a)  may  be  replaced  by 

7 
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the  reactions  of  the  two  simple  beams  loaded  with  the  uniform  load,  w^ 
in  {b),  and  the  reactions  and  the  load  of  the  simple  beam  with  the  span 
L^  +  L^,  and  carrying  a  negative  load  r'  in  (c).  The  reactions  in  (a) 
will  then  have  the  following  values : 

Now  the  upward  curvature  of  the  beam  in  (a),  due  to  the  load  fj', 
will  be  neutralized  by  the  load  above  equal  to  rj',  which  is  transferred 
to  the  reaction  -Rj  by  flexure  in  the  beam.    The  upward  deflection  of 

r^Loacf  *v  per  fin.  fA 
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y'^//////i9s:r/////x^/////^^^^^ 


\ 


i 


(£» 


(C)   fyj' 


2i 


(Of) 

Fig.  69. 

the  beam  in  (c)  at  any  point  will  be  the  bending  moment  divided  by 
£•/  at  the  same  point  in  ((/)  due  to  a  bending  moment  polygon  with  a 
maximum  moment  Mj  =  r^  XL^=^  ^z  X  L^  \  and  the  downward  deflec- 
tion of  the  beam  in  (6)  at  any  point  will  be  the  bending  moment  divided 
by  £•/  at  the  same  point  in  (d)  due  to  the  bending  moment  polygons 
for  a  uniform  load  w  covering  the  simple  spans  in  (6).  But  the  deflec- 
tion of  the  beam  in  (a)  is  zero  at  the  reaction  R^,  and  therefore  the 
bending  moment  at  the  corresponding  point  in  (d)  is  zero. 
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From  the  above  discussion  it  follows  that  to  calculate  the  reactions 
of  the  continuous  beam  in  (a)  by  moment  areas,  take  a  simple  beam 
with  a  span  equal  to  L^  +  -^2*  a^d  load  it  with  the  bending  moment  poly- 
g^ons  for  beams  (6)  and  (c)  as  in  (rf)  ;  the  bending  moment  in  beam 
(d)  at  the  points  corresponding  to  the  reactions  will  be  equal  to  zero, 
and  the  reactions  of  beam  (a)  can  be  calculated  by  statics  when  M^  is 
obtained. 

Continuous  Beams — Concentrated  Licads. — In  (a),  Fig.  70,  a  con- 
tinuous beam  of  two  equal  spans  of^length,  L,  is  loaded  with  two  equal 
loads,  P,  at  the  centers  of  the  spans.     Calculate  the  bending  moments 


,if.i^.^'  r/?r^^  Rl^^-^ 


e 

Fig.  70. 

and  load  a  simple  beam  with  a  span  equal  to  2L,  with  the  bending- 
moment  diagrams  due  to  P  in  each  span,  and  with  the  negative  bending- 
moment  diagram  due  to  the  reaction  R2.  Then  to  find  M 2,  the  bending 
moment  at  2,  take  moments  of  forces  to  the  left  of  2,  and 

2^8  6  16        ^' 

and  M,=— AP.L 

To  calculate  R^  take  moments  in  (a)  about  2,  and 

PL 

R,'L iJ/,=  o 

1  2  * 

and  ^2  =  V^ 


84 


STRESSES  IN   INDETERMINATE  STRUCTURES. 


Beam  Unifonnly  Lioaded. — In  (a),  Fig.  71,  a  continuous  beam  of 
three  equal  spans  of  length,  L,  is  loaded  with  a  uniform  load  equal  to 
w  per  foot.  Calculate  the  bending  moments  due  to  a  uniform  load  of  w 
on  each  span,  and  load  a  simple  beam  of  span  3L  with  the  positive 
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Fig.  71. 


bending-moment  diagrams  due  to  load  w,  and  with  the  negative  bending- 
moment  diagrams  due  to  the  reactions  R^  and  R^.  The  bending  mo- 
ment Afj  is  equal  to  M,.  Now  the  deflection  of  the  beam  is  zero  at  2 
and  3,  and  the  bending  moments  must,  therefore,  be  zero  at  these  points. 
Taking  moments  of  forces  to  the  left  of  2,  we  have 


M,-D^- 


w-L*     W'L*     M,.D 


8 


iJf,-- 


24 
10 


M, 


To  calculate  R^  take  moments  about  2  in  (a),  and 


ie«  = 


^     _      w  *  1} 


Continuous  Beam  of  n  Spans. — To  calculate  the  reactions  for  a 
continuous  beam  of  n  spans,  equal  or  unequal,  loaded  with  any  system 
or  systems  of  loads,  proceed  as  follows : 


TRANSVERSE  BENT. 
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Calculate  the  bending  moment  due  to  the  external  load,  or  loads,  or 
system  of  loads,  in  each  span  considered  as  a  simple  beam.  Take  a 
simple  beam  having  a  total  length  equal  to  the  length  of  the  continuous 
beam,  and  load  it  with  the  bending  moment  polygons  found  as  above. 
Also  load  the  beam  with  the  bending  moment  polygons  due  to  the  reac- 
tions. The  reactions  being  unknown,  the  bending  moments  at  the  reac- 
tions will  be  unknown.  Now  calculate  the  bending  moment  in  the 
simple  beam,  at  points  corresponding  to  each  reaction,  and  place  the 
result  equal  to  zero,  for  the  reason  that  the  deflection  at  the  supports 
is  zero. 

For  a  continuous  beam  of  n  spans  there  will  be  n  -f- 1  equations, 
which  is  equal  to  the  number  of  unknown  reactions.  Solving  these 
equations,  the  unknown  moments  will  be  found,  and  the  reactions  may 
be  calculated  algebraically. 

COLUMNS  OF  A  TRANSVERSE  BENT.— The  problem  of  the 
calculation  of  the  point  of  contra-flexure  in  the  columns  of  a  transverse 
bent — ^the  algebraic  solution  of  which  is  given  in  Chapter  XI  of  "  The 


Fig.  72, 


Design  of  Steel  Mill  Buildings" — ^will  now  be  solved  by  the  use  of 
moment  areas.  The  nomenclature  in  Fig.  72  is  the  same  as  in  "The 
Design  of  Steel  Mill  Buildings."  It  is  assumed  that  the  deflection  at 
points  b  and  c  are  equal. 
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In  (fe),  Fig.  72,  the  deflection  at  b  from  the  tangent  at  a  is  found 
by  taking  moments  of  the  moment  areas  below  b  to  be 

23  23 

The  deflection  at  c  from  the  tangent  at  a  is  found  by  taking  moments 
of  moment  areas  below  c  to  be 

Mlid.h-d')-Ml2»-h.d) 
A ^^-^: (83) 

But  A  is  equal  to  A',  by  hypothesis,  and  equating  (82)  and  (83), 
we  have 

2Mo-rf»  — Mi.^2^A/o(3rf-A  — d*)— Mi(2A«  — A-d) 

transposing, 

Mo(3/^-rf  — 3^*)=Mi(2/i2  — /i-d  — d*)  (84) 

Now  in  (c),  Fig.  72,  it  will  be  seen  that  M^\M^\\y^\d — y^^  and 

Mo(d-3'o)=^x'yo  (85) 

Solving  (84)  and  (85)  for  y©*  we  have 

^(2^+rf) 
-^«        2  (A  +  2^)  ^^^^ 

which  is  the  same  value  as  was  found  by  algebraic  methods  in  "  The 
Design  of  Steel  Mill  Buildings." 

CONTINUOUS    BEAMS    WITH    MOVING   LOADS.— The 

preceding  methods  are  not  adapted  to  the  solution  of  problems  involv- 
ing moving  loads,  as  in  draw  bridges  or  cranes  on  continuous  girders. 
The  following  method,  which  is  an  application  of  curved  influence  lines, 
is  quite  simple  in  theory  and  application,  although  requiring  consider- 
able labor  in  preparing  the  diagrams.  The  solution  will  first  be  ex- 
plained, and  a  proof  given  later. 
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Girder  with  Three  Supports. — In  Fig.  73  a  continuous  beam  with 
spans  L^  and  L,  is  loaded  with  concentrated  moving  loads  represented 
by  Pi  and  P^,  as  in  (a). 

In  {b)  load  a  simple  beam  having  a  span  L^  -|~  ^%  wi^^^  ^  bending- 
moment  polygon  due  to  the  reaction  R2  (the  value  of  R^  is  tmknown, 
and  any  convenient  load  will  do). 


(a) 


Divide  the  bending-moment  diagram  into  segments,  construct  a  force 
polygon  as  in  (d),  and  draw  an  equilibrium  polygon  as  in  (c),  Fig.  73, 
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assuming  that  the  segments  are  loads  acting  through  their  centers  of 
gravity. 

The  pole  distance  H  may  be  taken  as  any  convenient  length,  and 
the  pole  O  may  be  taken  at  any  point  [in  (c)  the  pole  has  been  selected 
to  bring  the  closing  line  horizontal,  for  convenience  only].  • 
Then  in  (c) 

and 


and 


i?j-r=Pi-»n  +  Pj-n 


^  _P,. »!  +  />.« 


R*-g=—Px-e  +  Pff 


(88) 


and 


^--'''■'y--^ 


Proof. — The  ordinates  to  the  equilibrium  polygon  in  (c)  are  pro- 
portional to  the  ordinates  to  the  true  elastic  curve  of  the  beam  in  (&), 
when  it  is  loaded  with  a  given  load  at  2. 

Now  in  (e),  Fig.  73,  if  the  deflection  at  2  due  to  a  load  P  at  i  is  d, 
then  if  the  load  P  be  moved  to  2,  the  deflection  at  i  will  be  d.  This  is 
known  as  Maxwell's  Theorem,  and  is  proved  as  follows. 

Maxwell's  Theorem. — Maxwell's  Theorem  is  "  In  a  beam  if  a  load 
P  be  placed  at  i,  and  the  deflection  Aj  of  the  beam  due  to  the  load  be 
measured  at  2,  (o),  Fig.  74,  then  if  the  load  P  be  placed  at  2,  (ft),  and 
the  deflection  A^  be  measured  at  i,  then  Ai  =  A2." 

Proof, — Let  the  load  P  be  gradually  applied  at  point  i  (r),  Fig.  74, 
and  the  work  on  the  beam  will  be  W^=^\P'h^  and  the  deflection  at  2 
will  be  A2.    Then  if  a  load  P  be  applied  gradually  at  point  2,  the  deflec- 
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tion  at  I  will  be  A^,  (e),  Fig.  74,  and  the  work  due  to  both  loads  will  be 

W=iPB,  +  P'^,  +  iP'B^  (90) 

Now  in  (rf),  Fig.  74,  let  P  be  gradually  applied  at  i,  producing  a 
deflection  A^  at  i,  and  the  work  on  the  beam  will  be  W2  =  iP'^2'    Then 
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Fig.  74 

if  load  P  be  applied  at  point  i  in  (/),  Fig.  74,  the  deflection  at  point  2 
will  be  Aj,  and  the  work  due  to  both  loads  will  be 

fr=iP.8,  +  iP.8,  +  P.A,  (91) 

Now  the  work  due  to  both  loads  will  be  independent  of  the  order 
of  the  application  of  the  loads,  and  equating  (90)  and  (91)  and  solving 
gives  Ai  =  A2,  which  proves  the  theorem. 

Now  in  (c),  Fig.  73,  if  the  deflection  due  to  a  load  unity  at  2  is  w  at 
Pj,  then  the  deflection  at  2  due  to  a  load  unity  at  Pj  will  be  w.  If  load 
/?2  is  applied  at  2,  the  work  done  in  making  the  elastic  curve  pass 
through  2  will  be  ^R^-c]  while  the  work  of  resistance  due  to  a  load  Pj 
will  be  one  half  P^  times  the  deflection  at  2  due  to  the  load  P^,  which 
is  equal  to  ^P^-m,  In  like  manner  the  resistance  due  to  Pg  will  be 
iP^-n,  and 

and 


^  _/>•>«  +  />,.« 


(88) 
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To  find  J?i,  take  moments  about  3  in  (o),  Fig.  J^,  and 
ie,(L,  +  L,)  +ie,-L,— P,./,  — P,./,=o 
and  from  similar  triangles  in  (r) 

Je.fl  +  R,-c— P.(m4-&)— F,(»  — rf)=o  (90) 

Substituting  the  value  of  J?,  from  (88)  in  (90),  we  have 


^.  =  a.i^^^  (S,) 


Since 


(89) 


1, 


r 


Rg,  74  a. 

Unifoim  Moving  Load. — For  a  uniform  load  on  the  t^eam,  tile 
areas  of  the  diagram  covered  by  the  uniform  load  will  be  used  in  the 
place  of  the  ordinates,  as  in  Fig.  73  (see  Chapter  X,  "The  Design  of 
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;>teel  Mill  Buildings"  for  a  discussion  of  influence  diagrams).     For 
example,  in  Fig.  74a,  the  reactions  are  given  by  the  following  formulas : 

/^  (  area  Bi  — area  B,) 
R^  = (92) 


^(area-^ +^reaS2  +  ^reaCi) 


/^(areaC,  — areaCQ 
^8  = (94) 


For  the  application  of  this  method  to  the  calculation  of  the  stresses 
in  a  continuous  girder  with  four  supports,  see  Chapter  XVa,  "The 
Design  of  Steel  Mill  Buildings.*' 


CHAPTER  V. 


Stresses  in  Statically  Indeterminate  Head  Frames. 


Introduction. — Head  frames  of  the  4-post  type  are  statically  inde- 
terminate to  a  greater  or  less  degree  depending  upon  the  details  of  the 
design.  The  4-post  head  frame  in  Fig.  75  is  statically  indeterminate 
both  internally  and  externally.  It  is  statically  indeterminate  exter- 
nally because  the  reactions  cannot  be  calculated  by  statics,  the  distri- 


KH'P 


■2-0' 


}♦ — 16-0--^ 


Front  l^/w; 


I- '4d'0"'\ H 


K4/m"+ — -"ii-e- — -I 


Fig.  75.    4-PosT  Head  Fiami. 
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bution  of  the  load  between  the  tower  and  back  brace  not  being  known ; 
and  is  statically  indeterminate  internally  because  there  are  redundant 
members  in  the  4-post  tower  and  in  the  bracing  between  the  tower  and 
the  back  brace. 

The  dimensions  of  the  head  frame  and  the  make-up  of  the  members 
are  gfiven  in  Fig.  75.  The  head  sheaves  are  8  ft.  in  diameter,  the  hoist- 
ing drum  is  placed  48  ft.  from  the  center  of  the  shaft.  The  hoisting 
rope  is  ij  in.  round  with  an  ultimate  strength  of  84,000  lbs.  The  cal 
culations  will  be  made  for  the  right  hand  or  near  frame  for  the  full 
breaking  load  of  one  hoisting  rope,  it  being  assumed  that  both  ropes 
break  at  the  same  time.  Stresses  for  other  conditions  may  be  calcu- 
lated from  the  stresses  due  to  84,000  lbs.,  the  live  load  stresses  being 
proportional  to  the  loads.  The  dead  load  stresses  may  be  calculated  in 
a  manner  similar  to  the  method  given  for  live  loads,  or  since  the  dead 
load  stresses  are  small,  they  may  be  calculated  with  sufficient  accuracy 
by  an  approximate  solution  by  assuming  that  the  redundant  members 
carry  none  of  the  dead  load.  The  wind  load  stresses  may  be  calcu- 
lated in  the  same  manner  as  live  load  stresses,  or  as  is  the  general 
custom  the  4-post  tower  may  be  assumed  to  carry  all  the  wind  loads, 
and  the  bracing  calculated  upon  that  assumption. 

CALCULATION  OF  THE  STRESSES.— The  diagonal  bracing 
in  the  tower  will  be  assumed  as  ties  not  having  initial  tension,  and  the 
redundant  diagonals  may  then  be  omitted.  The  back  brace  and  the 
bracing  between  the  tower  and  back  brace  are  redundant.  There  will 
be  two  cases,  depending  upon  whether  ( i )  the  back  brace  alone  is  con- 
sidered redundant  and  the  bracing  is  omitted,  or  (2)  where  the  back 
brace  and  the  upper  horizontal  strut  are  both  considered  redundant. 
The  solution  will  cover  Case  i,  One  Redundant  Member,  and  Case  2, 
Two  Redundant  Members.  With  high  frames  it  is  often  necessary  to 
solve  for  3  or  even  4  redundant  members. 

Case  I.  One  Redundant  Member. — ^The  stresses  may  be  calcu- 
lated by  the  "  Theory  of  Least  Work,"  or  the  method  used  in  the  cal- 
culation of  the  stresses  in  a  two-hinged  arch  in  Chapter  IV  may  be  used. 
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Method  of  Least  Work. — The  breaking  stress  of  84,000  lbs.  in  the 
hoisting  rope  produces  a  resultant  which  falls  inside  of  the  back  brace. 
The  resultant  of  the  stress  in  the  rope  is  replaced  by  its  components,  a 
horizontal  force  //  =  60,000  lbs.  acting  in  line  with  the  top  strut,  a 
vertical  force  Pi=  16,000  lbs.  acting  in  line  with  the  left  post,  and 
P2=  124,000  lbs.  acting  in  line  with  the  right  vertical  post.  These 
external  forces  were  calculated  by  moments  in  the  usual  manner. 


H-eO,000 


W-^'o 


^-/^//9f^J^- 


M 


(a) 


?* 
* 


0 

L- 


nooo 


5cdk 


(b) 

Fig.  76.    Stresses  Due  Direct  Loading. 

The  stresses  in  the  tower — the  back  brace  being  redundant  is 
omitted — for  the  external  loads  H,  P^  and  P,  were  calculated  in  (&)  by 
graphic  resolution,  and  the  stresses  in  the  members  are  given  in  (a). 
Fig.  76. 
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dS 
The  values  of  -T?r-  =  U  are  calculated  in  (fc),  Fig.  77,  for  a  load  of 


dS 


12 


dS^ 


I  lb.  acting  in  line  of  the  back  brace  ^u.    The  values  of  -7^  =  U  are 
given  in  (a),  Fig.  77. 

Work  Equations. — ^The  work  equations  are  given  in  Table  XV. 
The  members  as  marked  in  Fig.  79,  are  given  in  column  i ;  the 
cross-sectional  areas  of  the  members  are  given  in  column  2 ;  the  lengths, 


'/2^0H 


Hf-a2IO 


Fig.  tj^    Values  of  \J, 

L,  of  the  members  are  given  in  column  3 ;  the  stresses  in  the  members 

in  terms  of  5*12 — ^the  stress  in  the  back  brace — ^the  method  of  calculating 

which  will  be  given  presently  are  given  in  column  4;  the  values  of 

dS  L 

——-  =  1/  are  given  in  column  5 ;  values  of  B  =  --7-=,  for  £  =  30,000,- 

f  dS\ 
000,  are  given  in  column  6;  while  values  of  B-S  ( 3^  j  are  given  in 
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column  7.  The  stresses  in  column  4  may  be  calculated  directly  by 
algebraic  resolution,  or  the  stress  in  each  member  is  equal  to  the  stress 
due  to  the  direct  loads,  as  given  in  (a),  Fig.  76,  plus  5*12  times  the  stress 
U,  in  the  member  due  to  a  unit  load.  For  example  the  direct  stress  in 
S^  from  (a),  Fig.  76,  is  100,000  lbs.,  while  the  stress  U  from  (a),  Fig. 
77 9  is  +  0.700.    The  true  stress  in  the  member  5*1  will  then  be — 100,000 

+  0.700  S^2' 


The  sum  of  the  values  oi  B-S 


toS^^  is 


dJV 


(: 


dS\. 

I    t 


dSj 


in  column  7  for  members  S^ 


r  ds\ 

^^   =SB.5'(——j=— 2.4268  +  0.000,017,177512=^1,.    The 

deformation  of  the  member  5*12  due  to  a  stress  of  5*12  will  be  0.000,- 
002,6205*12= — 3'i2-  Equating  the  two  values  of  y^  and  solving,  we 
have  5'i2=:  +  123,000  lbs. 

TABLE  XV. 
Calculation  of  Work  Equations  for  Stress  of  84,000  Lbs.  in  Hoisting  Rope. 


I 

a 

3 

Mem- 

Artm.A, 

Lensth. 
L,  In. 

ber. 

Sq.  In. 

Si 

2. 1 1 

240 

St 

8.08 

192 

Sm 

4.60 

144 

s^ 

8.08 

192 

s. 

2. 1 1 

240 

s. 

8.08 

192 

Sj 

4.60 

144 

St 

8.08 

192 

s. 

2. 1 1 

240 

Sio 

8.08 

192 

Sn 

4.60 

144 

Stress,  S,  in  Terms  of 


— 1 00, 000  -I-  0. 7ooSii 

-1-204,160— 1.4535,, 
-j-  60,000—0.4205,] 
—  64,160+0.5505,} 

— ioo,ooo-f  o.  7oo5„ 
+284,320 — 2.ooo5,s 
4-  60,000 — 0.4205,, 
—144,320-1- 1.  ioo5„ 
— ioo,ooo-|-o.  7005,, 

-f- 364,480— 2.5505,, 

+  30,000 — o  2io5,, 


^u 


-1- 0.700 

—1.453 

—0.420 

+0.550 

-f  0.700 
— 2.000 
— 0.420 
4-1. 100 
-j- 0.700 

—2.550 
.210 


A'£ 


B 


0.000,003,800 
0.000,000,792 
0.000,001,044 
0.000,000,792 
0.000,003,800 
0.000,000,792 
0.000,001,044 
0.000,000,792 
0.000,003,800 
0.000,000,792 
0.000,001,044 


B'S 


dS  \ 
337.; 


o.  2660 -f  o.  COO,  ooi  ,8625|i 

o.  2370-4-0.000,001 ,6705^ 

1. 0266-f  0.000,000,  i885,t 

1.02804-0.000,000,238511 

>.  26604-0.000,001 ,8625^ 

0.4450-1-0.000,003,1605^, 

1.0266+0.000,000,  i885^, 

.12504-0.000,000,950.^ 

o.  2660-}-  0.000,001 ,8625^, 

o- 7340+0.000, 005,1505,1 

0.00664-0. 000,000,0475^ 


-^^^B'Sy ~  j  =y^^  =  —2.4268+0.000,017, 1775a 


>u 


8.08 


636 


>11 


+  1.00    0.000,002,620       — ^,,=0.000,002,6205^ 


(1)  —2.42684-0.000,017,17751,: 

(2)  0.000,002,6205,,: 

(3)  0.000,019,7975,,: 

S,t 


—yvi 
2.4268 

:  +-  123,000  lbs. 


Havingthe  Stress  5*12^+ 123,000  lbs.  the  stresses  in  the  head  frame 
are  calculated  by  graphic  resolution  as  in  Fig.  78.     The  stresses  may 
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also  be  calculated  by  substituting  5*12=123,000  lbs.  in  the  stresses  in 
the  members  as  given  in  column  4,  Table  XV.     For  example  the  stress 

in  5*1  =  —  100,000  +  0.700  S*!,  =  —  100,000  +  0.700  X  123,000  = 


H-M,dOO 


Hr4/Zi 


Fig.  78.    Stresses  in  Head  Frame,  Back  Brace  Redundant. 

— 100,000  +  86,100= — 13,900  lbs.     The  remaining  stresses  may  be 
calculated  in  the  same  manner. 

The  final  stresses  in  the  head  frame  for  live  load  are  given  in  Fig.  79. 
8 


STATICALLY   INDETERMINATE    HEAD   FRAMES. 


-,—  -..-  .23,000 

Fig.  79.    Stkesses  in  Heap  Fkaue;  Back  Brace  REDUNDAKr. 

Method  of  Two-Hinged  Arch.— The  stresses,  5",  in  the  tower  due 
to  the  external  loads,  the  back  brace  not  acting  are  calculated  as  in  Fig. 
76.  The  values  of  V  for  a  load  of  i  lb.  acting  in  line  with  the  back 
brace,  are  calculated  as  in  Fig.  77.  The  deformation  of  the  upper  right 
hand  point  of  the  head  frame  in  line  with  the  back  brace  is  then  calcu- 
lated in  Table  XVI.  Columns  i,  2  and  3  in  Table  XVI  are  the  same 
as  the  respective  columns  in  Table  XV.  The  stresses  5"  in  column  4 
are  the  stresses  in  the  tower  when  the  back  brace  is  not  acting,  and 
are  obtained  from  Fig.  76.  The  deformation  of  each  member  is  given 
in  column  5 ;  the  values  of  U,  obtained  from  Fig.  "jj,  are  pven  in 

S-U-L 
column  6,  while  values  of  ^a~S~  ^''^  given  in  column  7. 
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Deformation  at  Top  of  Head  Frame  Due  to  Hoisting  Rope,  Back  Brace, 

S^  Not  Acting. 


2 


S-  U'L 
A'  E 


X 

9 

3 

4 

5 

6 

7 

Member. 

Area,  A, 
Sq.  In. 

LeoEth,  Z, 

StreM.  5; 
Lbs. 

SL 
AJS 

V 

S'UL 
AE 

•Si 

2.II 

240 

—  100,000 

-0.380 

+0.700 

—0.2660 

^ 

8.o8 

192 

4-204,160 

+0.163 

— M53 

—0.2370 

■Si 

4.60 

144 

-j-  60,000 

+0.0625 

—0.420 

—0.0266 

•Si 

8.o8 

192 

—  64,160 

•—0.510 

+0.550 

— 0.0280 

St 

2.II 

240 

— 100,000 

—0.380 

+0.700 

— 0.2660 

■Si 

8.08 

192 

4-284,320 

+0.225 

— 2.000 

—0.4450 

•Si 

4.60 

144 

-f  60,000 

+0.0625 

—0.420 

—0.0266 

•Si 

8.08 

192 

—144,320 

— 0.II4 

+  1.100 

—0.1250 

•Si 

2.11 

240 

— 100,000 

-0.380 

+0.700 

—0.2660 

•s,. 

8.08 

192 

+364,480 

+0.287 

—2.550 

—0.7340 

•S.1 

4.60 

144 

-h  30,000 

+0.312 

—0.210 

—0.0066 

=—24268 


TABLE  XVII. 
Deformation  at  Top  of  Head  Frame  Due  to  a  Value  of  St»  =  100,000  Lbs. 


I 

s 

3 

4 

S 

6 

7 

Member. 

Areft,  A, 
Sq.  In. 

Length,  L. 

Stress,  5^. 
lbs. 

S'L 
AE 

C/ 

Sf'UL 
AE 

^1 

2.11 

240 

+   70,000 

+0.2600 

+0.700 

0.1862 

s^ 

8.08 

192 

—  145,300 

— 0.1 150 

—1.453 

0.1670 

St 

4.60 

144 

+  42,000 

—0.0430 

—0.420 

0.0188 

s. 

8.08 

192 

+  54,800 

+0.0434 

+0.550 

0.0238 

s. 

2.II 

240 

+  70,000 

~  0.2600 

+0.700 

0.1862 

s. 

8.08 

192 

—200,000 

—0.1580 

— 2.000 

0.3160 

s, 

4.60 

144 

—  42,000 

—0.0430 

— 0.420 

0.0188 

s. 

8.08 

192 

+ 1 10,000 

+0.0864 

+  1.100 

0.0950 

s. 

2.11 

240 

+  70,000 

+0.2600 

+0.700 

0.1862 

^ 

8.08 

192 

—254,800 

— 0.2030 

—2.550 

0.5150 

Sn 

4.60 

144 

—  20,000 

— 0.0215 

— 0.210 

0.0047 

S' '  U-L 


2     A^E 

—  I.7177 

5^ 

8.08 

636 

100,000 

0.2622 

+  1.00 

0.2620 

/  1.7.77  ^  o.a6ao  \ 

\  100,000  100,000/ 

^  =^  123,000  lbs. 


2.4268 


The  deformation  of  the  upper  right  hand  point  of  the  tower  in  line 
with  the  back  brace  is  y^  =  —  2.4268  in.    The  deformation  of  the  upper 
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right  hand  point  of  the  tower  for  a  value  of  5*12  =  100,000  lbs.  is  cal- 
culated in  Table  XVII,  and  is  ^12==+  ^'7^77  in.  The  deformation  of 
5*12  for  a  stress  of  100,000  lbs.  =  0.262  in.  The  total  deformation  will 
then  be 


13 


and 


(^'7^77 
\i  00,000 


+ 


0.262 


)=. 


100,000 
5*12  =123,000  lbs. 


4268  in. 


Case  a.    Two  Redundant  Members. — If  it  is  assumed  that  the  two 
upper  diagonal  braces  between  the  tower  and  the  back  brace  carry  stress 


E-am 


Fig.  80.    Values  of  U\ 

the  structure  has  two  redundant  members.  This  problem  can  only  be 
solved  by  the  "  Theory  of  Least  Work,"  the  method  of  the  two-hinged 
arch  not  being  applicable  to  this  problem. 

Solution. — The  stresses  in  the  tower  due  to  the  external  loads  are 
calculated  in  Fig.  76,  and  are  the  same  as  in  Case  i.     The  stresses,  U, 
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in  the  members  due  to  a  stress  of  i  lb.  in  the  back  brace  are  calcu- 
lated  in  Fig.  yy.    The  values  of  U  are  the  values  of  ^^r-  for  the  corre- 

spending  members.    The  stresses,  U',  in  the  members  due  to  a  stress  of 

I  lb.  in  the  top  horizontal  strut  are  calculated  in  Fig.  80.    The  values 

dS 
of  U'  are  the  values  of  -;^—  for  the  corresponding  members. 

Work  Equations. — ^The  work  equations  are  given  in  Table  XVIII. 

The  values  in  columns  i,  2  and  3  are  the  same  as  in  Table  XV.    The 

stresses  in  the  members  in  terms  of  the  unknown  stresses  S12  smd  S^^ 

are  given  in  column  4 — these  stresses  may  be  calculated  directly  by 

algebraic  resolution,  or  may  be  found  by  adding  to  the  stresses  in  the 

tower  due  to  direct  loads  the  unknown  stress  5*1,  multiplied  by  the 

dS  dS 

values  of  37;-  (J7),  and  the  unknown  stress  S^^  multiplied  oy  -j^r-  (£/')• 

dS 
The  values  of  'j^=  U  were  calculated  in  Fig.  yy ;  while  the  values  of 

dS 
— —  =  U'  were  calculated  in  Fig.  80.    The  values  of  B  in  column  7 


It 


f  dS\ 
were  calculated  for  £=30,000,000.     The  values  of  5  ^Sl  -7^—  I  are  given 

f  dS\         , 

in  columns,  and  ofS-S*!-.^-!  are  given  in  column  9.  Now  the  defor- 
mation of  the  back  brace  will  be  equal  to  the  deformation  of  tlie  tower 
in  line  of  the  back  brace,  and  from  column  8  the  deformations  are 

— yii = 0.000,000,874  512  (a) 

and 

y^,  =  0.000,018,925  5*12  +  0.000,018,6465*1,  —  24268  (6) 

Adding  equations  (a)  and  (&)  gives 

0.000,019,799  5*12  +  0.000,018,646  5*18 = 2.4268  ( c) 

From  column  9  the  deformation  of  the  strut,  and  the  tower  in  line  with 
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the  strut  are  —  y^.  =  +  o.coo,coo,650  ^^ 

^^^         >'i3=o.coo,oi8,646S'„+  0.000,031,99951,— 2.3755 
Adding  equations  (d)  and  (e)  gives 

0.000,018,646  5*12  +  0.000,032,649  5,5  =  2.3755 
Solving  equations  (c)  and  {e)  for  S^^  and  i^u  gives 


(d) 
(e) 

(/) 


N,  "31000 


ti- 


Fig.  81.    Stresses  in  Head  Frame,  Two  Members  Redundant. 
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,^  ,^  ,jr   -^  ;J? 

fliiflilffl 


•    •■99    a^    _l^    cC^    cl^    g(^    ol/)'    xb)  U) 

\p  1~.S    r^iO    "5    ■- OO    *  lO  -  ■O    "  >"  1  T  °        ^  S. 


8  8  6  8  8  dj(*1  SdBdOdodSd     8d 

iiiii  iji  f  I  M 
ftttt  lit  f  t  t  t 


IeJkI  S  I  I  i   k  J  « 


hTf++  "  ?  +  +  T   t 


7++1T++77+  + 


S-o-Jo.*      a-      3     o.      *      o>      5     -J 
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I04  STATICALLY   INDETERMINATE    HEAD    FRAMES. 

5"„=+Il8,0CX>lb8. 

5',s  =  +     5400  lbs. 

The  stresses  in  tlie  members  of  the  head  frame  were  calculated  by 
graphic  resolution  in  Fig.  81.  The  stresses  in  members  may  be  calcu- 
lated by  substituting  the  true  values  of  S^  and  5,,  in  column  4,  Table 
XVIII,     For  example  the  stress  in 

St= — 100,000  + 0.700  i',,  +  1.667  5"!, 
5",= — 100,000  +  82,600  +  9,000 
= — 8,400  lbs. 
The  stresses  in  the  different  members  of  the  head  frame  are  given 
in  Fig.  82. 
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CHAPTER  VI. 
The  Design  of  Head  Frames. 

Introduction. — ^The  selection  of  the  type  of  head  frame  will  be 
governed  principally  by  the  number  of  compartments  in  the  shaft. 
Where  the  compartments  of  the  shaft  are  in  line  and  the  sheaves  can 
be  placed  parallel,  the  A-type  of  head  frame  has  the  advantage  of  sim- 
plicity and  economy.  Where  it  is  necessary  to  hoist  from  more  than 
two  compartments,  or  where  the  head  sheaves  must  be  placed  in  tan- 
dem, it  becomes  necessary  to  use  a  head  frame  of  the  4-post  type. 
Where  there  are  several  compartments  it  may  be  necessary  to  use  six 
or  more  main  posts  for  the  tower  with  three  or  more  back  brace 
columns,  as  in  the  head  frame  for  the  Phillips  coal  tipple.  Fig.  143. 
With  the  A-type  of  head  frame  the  head  sheaves  are  commonly  placed 
with  their  center  lines  parallel  with  the  center  line  of  the  back  braces 
and  the  guides  are  placed  in  front  of  the  main  columns.  This  arrange- 
ment makes  it  possible  to  fully  brace  the  head  frame  and  gives  a  simple 
structure  in  which  the  stresses  are  statically  determinate.  In  a  head 
frame  of  the  4-post  type  the  main  posts  are  placed  around  the  shaft, 
and  it  is  necessary  to  remove  part  of  the  bracing  in  order  to  dump  the 
ore.  This  makes  it  difficult  to  brace  the  main  structure  and  further 
complicates  the  calculation  of  the  stresses  in  a  structure  which  is 
already  statically  indeterminate. 

In  the  A-type  of  head  frame  the  main  columns  are  placed  in  a 
vertical  plane  parallel  to  the  guides,  and  have  a  batter  of  i  to  2  in.  to 
the  foot  in  this  plane.  The  main  back  brace  is  usually  placed  at  an 
angle  of  approximately  30  degrees  with  the  vertical.  Head  frames  of 
the  4-post  type  are  commonly  built  with  main  posts  in  vertical  planes 
parallel  to  the  guides  and  are  battered  in  this  plane  i  to  i^  in.  to  the 
foot.  The  Elkton  steel  head  frame,  Fig.  99,  has  the  main  tower 
columns  vertical  and  has  side  braces  to  give  lateral  stability.  For  a 
light  head  frame  this  is  a  satisfactory  solution  as  it  gives  a  rigid  and 
economical  frame. 

In  the  design  of  heavy  head  frames  the  main  columns  are  com- 
monly made  of  two  channels  laced  or  of  two  channels  with  a  cover 
plate.  The  main  columns  of  the  head  frame  of  the  Phillips  coal  tipple 
shown  in  Fig.  143  are  composed  of  four  Z-bars  and  one  plate ;  the  main 
columns  of  the  steel  head  frames  for  the  Diamond  mine  and  the  High 
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Ore  mine  shown  in  Fig.  87,  are  made  of  two  built-up  channels  with  a 
heavy  cover  plate ;  while  the  main  posts  of  the  Elkton  steel  head  frame, 
Fig.  99,  are  made  of  single  6  in.  X  6  in.  angles.  Bethlehem  H-beams 
have  also  been  used  for  columns  and  posts.  The  bracing  of  heavy 
steel  head  frames  is  commonly  made  of  two  channels  laced  or  battened, 
while  the  bracing  of  light  steel  head  frames  is  made  of  angles. 

The  hoisting  engine  is  usually  placed  so  that  the  angle  of  the  hoist- 
ing rope  to  the  horizontal  will  be  from  40  to  45  degrees.  Under  these 
conditions  the  resultant  of  the  stresses  in  the  hoisting  rope  will  fall 
inside  the  head  frame,  and  there  will  be  no  uplift  on  the  main  columns. 
In  the  Lake  Superior  copper  country  the  hoist  is  usually  placed  at  a 
considerable  distance  from  the  rock  house,  so  that  the  resultant  of  the 
stress  in  the  rope  strikes  in  front  of  the  main  brace ;  in  which  case  it  is 
necessary  to  provide  for  the  uplift  on  the  main  columns.  It  is  desir- 
able in  coal  tipples  to  have  the  hoist  at  a  considerable  distance  from  the 
tipple  on  account  of  the  danger  from  fire,  and  the  uplift  on  head  frames 
for  coal  tipples  should  be  carefully  investigated. 

ALLOWABLE  STRESSES.— Head  frames  should  be  designed 
for  (i)  dead  load;  (2)  a  working  load;  (3)  a  breaking  load  in  one  or 
both  ropes,  and  (4)  for  wind  loads. 

I.  Dead  Loads. — The  dead  load  stresses  are  due  to  the  weight  of 
the  head  frame,  the  head  sheaves,  and  concentrated  loads  such  as  ore- 
bins,  etc.  The  allowable  stresses  for  dead  loads  are  the  same  as  for 
the  design  of  steel  frame  buildings  given  in  Appendix  I  (factor  of 
safety  of  4)  which  are  as  follows  in  lbs.  per  sq.  in. 

Tension  16,000 

Compression    16,000 — 70- 

where  /= length  of  the  member  in  inches,  and  r  =  the  least  radius  of 

gyration  in  inches. 

Rivets  and  pins,  bearing 22,000 

Rivets  and  pins,  shear 11,000 

Pins,  bending  on  extreme  fiber 24,000 

Plate  girder  webs,  shear  on  net  section 10,000 

Bearing  on  granite  masonry  and  1:2:4  Portland 

cement  concrete 500 

Bearing  on  sandstone  and  limestone  masonry. . .        400 
Expansion  rollers,  per  lineal  inch 600  D 

where  D  =  diameter  of  roller  in  inches. 
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2.  Working  Load. — ^The  working  load  will  be 

K=2lV  +  R  +  F  (i) 

where  if  =  stress  in  rope  in  lbs.  at  the  sheaves  at  instant  of  picking  up 

the  load ; 

W=^ gross  load  in  lbs.; 

R  =  weight  of  rope  in  lbs. ; 

F=  friction  in  lbs.  =:(IV -{-R)/,  where 

/= coefficient  of  friction,  equal  to  about  o.oi  to  0.02  for  ver- 
tical shafts. 

The  working  loads  should  be  considered  live  loads,  and  the  stresses 
should  be  treated  in  the  same  manner  as  the  live  load  stresses  in 
bridges,  with  allowable  stresses  one  half  the  allowable  stresses  for  dead 
loads  or  for  steel  frame  buildings  as  given  in  Appendix  I  (factor  of 
safety  8). 

3.  Breaking  Load. — ^The  maximum  stresses  in  a  head  frame  will 
occur  when  a  cage  or  skip  sticks  in  the  shaft,  or  when  the  brakes  on 
the  hoisting  engine  are  suddenly  applied  and  the  hoisting  rope  is  broken. 
Where  the  hoist  may  be  run  unbalanced  it  is  possible  for  both  ropes  to 
be  broken  at  the  same  time.  The  maximum  stresses  in  the  transverse 
frames  will  occur  when  one  rope  breaks,  while  the  maximum  stresses 
in  the  back  brace  and  front  posts  will  occur  when  both  ropes  break. 
The  head  frame  should  be  designed  so  that  no  stress  will  exceed  the 
elastic  limit  of  the  steel  when  one  or  both  hoisting  ropes  break.  The 
allowable  stresses  for  breaking  the  hoisting  ropes  may  be  taken  as  equal 
to  one  and  one  half  times  the  allowable  stresses  for  dead  load,  or  for 
steel  frame  buildings  as  given  in  Appendix  I  (factor  of  safety  of  2§). 

4.  Wind  Loads. — The  wind  load  stresses  when  combined  with  the 
dead  load  stresses  and  twice  the  working  load  stresses,  should  not  cause 
a  stress  greater  than  20,000  lbs.  per  sq.  in.  Where  the  wind  stresses 
are  less  than  25  per  cent  of  the  sum  of  the  dead  load  stresses  and  twice 
the  working  load  stresses,  no  additional  material  will  be  required  in 
the  sections,  but  where  the  wind  stress  in  any  member  exceeds  the  sum 
of  the  dead  load  stress  and  twice  the  live  load  stress  by  more  than  25 
per  cent,  the  area  of  the  member  should  be  increased,  so  that  the  total 
unit  stress  is  not  more  than  25  per  cent  greater  than  the  actual  dead 
load  stress  plus  twice  the  actual  live  load  stress  in  the  member.  Wind 
load  stresses  need  not  be  combined  with  breaking  load  stresses. 
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Thickness  of  MateriaL — Mine  shafts  at  which  head  frames  are 
placed  are  usually  up-casts,  so  that  the  steel  head  frame  is  subjected  to 
the  action  of  a  moist  laden  current  of  air  which  rapidly  destroys  ordi- 
nary paints  and  causes  rapid  corrosion.  To  provide  for  corrosion  the 
minimum  thickness  of  structural  steel  sections  and  plates  should  be 
^  in.,  and  the  structure  should  be  painted  at  frequent  intervals  with 
a  structural  paint  that  will  resist  the  action  of  corrosive  gases.  The 
best  paints  for  painting  head  frames  and  coal  tipples  are  graphite  or 
carbon  paints.  Goheen's  carbonizing  coating  has  also  given  good  re- 
sults. A  good  red  lead  paint  applied  carefully  and  at  frequent  intervals 
will  give  good  results  under  average  conditions.  In  painting  structural 
steel  it  is  very  important  that  the  materials  be  pure  and  be  carefully 
mixed,  that  the  surface  of  the  steel  be  clean,  dry  and  warm,  that  the 
paint  be  carefully  brushed  in,  and  that  a  sufficient  number  of  coats  be 
applied  to  give  the  necessary  protection.  It  is  best  to  have  one  coat  of 
paint  applied  at  the  shop,  the  abraded  spots  and  rivet  heads  being 
touched  up  before  erection,  and  two  coats  of  paint  applied  after  the 
erection  is  completed.  The  three  coats  of  paint  should  preferably  be 
of  different  shades  or  colors  to  make  sure  that  all  parts  be  covered. 
Head  frames  and  coal  tipples  should  be  repainted  every  3  to  4  years. 

DESIGN  OF  A  STEEL  HEAD  FRAME.— The  sections  of  the 
members  of  the  A-type  steel  head  frame  in  which  the  stresses  were 
found  in  Chapter  III  will  now  be  calculated. 

Front  Posts. — The  length  of  a  section  of  the  posts  will  be  /=  12  ft. 
6  in.  =  150  in. 

The  stresses  (Table  IX)  are  as  follows: 

Dead  load  stress  =+  13,800  lbs. 

Working  load  stress  =  +  6,900  lbs. 
Breaking  load  stress  =  +  43,700  lbs. 
Wind  load  compression  ==-|- 17,600  lbs. 
Wind  load  tension  = —  9,700  lbs. 

Before  the  allowable  unit  stress  can  be  determined  the  make-up  of 
the  section  must  be  known.  A  section  composed  of  two  /'  channels  @ 
12.25  lbs.,  area  of  both  channels  =  7.20  sq.  in.  (Carnegie,  p.  lOi,  or 
Cambria,  p.  164),  with  flanges  turned  out  and  laced  on  both  sides,  will 
be  assumed,  and  its  efficiency  will  be  investigated.  The  flanges  are 
2.198  in.  wide,  and  the  channels  will  be  placed  7.0  in.  back  to  back. 
The  moments  of  inertia  about  both  rectangular  axes  will  be  equal  if  the 
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channels  are  3.99  in.  apart  (Carnegie,  p.  102),  so  that  the  least  radius 
of  gyration  will  be  about  the  axis  normal  to  the  webs  of  the  channels, 
=2.59  in.     The  allowable  unit  stress  in  compression  is  P=:  16,000 

150 
—  70 =11,940  lbs.    The  ratio  of  l/r  must  not  be  greater  than  100 

(Specifications,  §231).  The  area  required  for  dead  loads  will  then 
be  =  13,800-r- 11,940=  1. 16  sq.  in. ;  the  area  for  working  load  =  6,900 
-~-i(ii,94o)  =  1.16  sq.  in.  The  total  area  required  for  dead  loads  and 
working  load  =1 .16+  1.16=2.32  sq.  in. 

The  direct  wind  load  compression  is  more  than  25  per  cent  of  the 
dead  load  plus  twice  the  working  load,  and  must  be  considered.  The 
area  required  to  take  dead  load  stress,  working  load  stress,  and  wind 
stress  =  ( 13,800  +  2  X  6,900  +  17,600)  -r-  ( 1 1,940  X  1.25)  =3.02  sq. 
in. 

The  negative  wind  stress  does  not  produce  a  reversal  with  the  dead 
load  stress,  and  need  not  be  considered. 

The  area  required  to  take  the  breaking  load = 43,700 -=-(% 
X  11,940)  =2.44  sq.  in.  The  area  required  to  take  dead  loads  and 
breaking  load  =:  1.16  +  2.44  =  3.60  sq.  in. 

The  section  has  an  area  of  7.20  sq.  in.,  which  appears  extravagant. 
Two  7"  channels  @  9.75  lbs.  with  an  area  of  5.7  sq.  in.  will  give  suffi- 
cient area  but  the  metal  is  only  0.21  in.  thick  which  is  less  than  -f^  in., 
the  minimum  thickness  for  main  members  (Specifications,  §235). 
Two  6"  channels  @  10.5  lbs.  will  give  the  required  area,  but  will  not 
detail  as  well  with  the  back  braces  as  the  section  selected. 

Back  Braces. — ^The  length  of  one  section  of  the  back  brace  is 
/=  14  ft.  7  in=i75  i^- 

The  stresses  are  as  follows : 

Dead  load  stress  ^  +     3,500  lbs.  > 

Working  load  stress  =+  18,500  lbs. 
Breaking  load  stress  =+  116,000  lbs. 
Wind  load  compression  =  +  13,300  lbs. 
Wind  load  tension  = —   15,200  lbs. 

The  section  will  be  assumed  as  made  of  two  8"  channels  @  1375 
lbs.,  area  of  both  channels  8.08  sq.  in.,  with  flanges  turned  out.  The 
backs  of  the  channels  will  be  taken  7  in.  apart  the  same  as  in  the  front 
posts.  With  a  spacing  of  4.72  in.  the  moments  of  inertia  about  both 
rectangular  axes  will  be  equal  (Carnegie,  p.  102).    The  least  radius 
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of  gyration  of  the  section  will  then  be  r=2.98  in.,  the  radius  of  gyra- 
tion of  the  channels  about  an  axis  at  right  angles  to  the  web.    The 
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allowable  unit  stress  for  compression  is  then  P=  16,000 —  70  — ^  = 

11,875  lbs.  The  ratio  of  l/r  must  not  be  greater  than  100  (Specifica- 
tions, §231).  The  area  required  for  dead  loads  will  be  =  3,500 -7- 
11,875  =  0.30  sq.  in.;  the  area  for  working  load  =  18,500 -r-i  (11,875) 
=  3.20  sq.  in.  The  total  area  required  for  dead  loads  and  working 
load  =  o.30 -1-3.20=3.50  sq.  in. 

The  direct  wind  compression  is  more  than  25  per  cent  of  the  dead 
load  plus  twice  the  working  load  and  must  be  considered.  The  area 
required  to  take  the  dead  load  stress,  the  working  load  stress,  and  the 
wind  load  compression  =  (3,500  -|-  2  X  18,500  +  13,300)  -r-  ( 1 1,875 
X  1.25)  =3.70  sq.  in. 

The  wind  load  tension  is  — 15,200  lbs.,  giving  a  tension  of  — 15,200 
+  3>500= — 11,700  lbs.,  when  the  dead  load  only  is  acting.  The  con- 
nections must  be  designed  for  tension  as  well  as  compression,  but  no 
increase  in  section  is  necessary,  as  the  unit  stress  is  small. 

The  area  required  to  take  the  breaking  load  =:  11 6,000 -f-  (%  X  n,- 
875)  ==6.52  sq.  in.  The  area  required  to  take  the  dead  load  stress  and 
breaking  load  =0.30  +  6.52  =  6.82  sq.  in. 

A  recalculation  shows  that  two  7"  channels  @  12.25  lbs.  are 
sufficient,  but  the  section  first  assumed  will  be  used. 

Strut  D-d  (5-6). — The  strut  has  a  length  /  =  22  ft.  6  in.  =1270  in. 
The  stresses  are 

Dead  load  stress  = — 1,300  lbs. 

Wind  load  compression  =  4-  6,800  lbs. 
Wind  load  tension  =  —  3,300  lbs. 

The  wind  load  stress  produces  a  reversal  of  — 1,300 -[-6,800  lbs. 
==|-[-  5,500  lbs.,  making  it  necessary  to  design  the  member  both  as  a 
tie  and  as  a  strut.  The  specifications  (§231)  require  that  secondary 
compression  members  shall  not  have  a  length  greater  than  140  times  the 
least  radius  of  gyration  of  the  member,  from  which  the  least  value  of 
the  radius  of  gyration  will  be  =270-=- 140=  1.93  in.  Two  channels 
will  be  used  for  the  strut  with  the  webs  vertical  and  7  in.  between 
backs  and  with  lacing  on  top  and  bottom,  the  same  as  the  front  posts 
and  the  back  braces.  The  radius  of  gyration  of  a  5"  channel  @  9  lbs. 
is  1.83  in.,  while  the  radius  of  gyration  of  a  6"  channel  @  10.5  lbs.  is 
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2.21  in.    There  will  be  some  vibration  in  the  member  and  it  will  be 

made  of  two  6"  channels  @  10.50  lbs.,  area  ==6.18  sq.  in.,  laced  top 

and  bottom. 

The   allowable   unit   stress    in    compression    for    dead    loads    is 

270 
P=  16,000 — 70 =  +  7,400  lbs.    The  area  required  to  take  a  dead 

load  tension  of  — 1,300  lbs.  and  a  wind  load  compression  of  -|- 6,800 
lbs.  =  5,500^- 7,400  X  1.25=0.60  sq.  in. 

The  area  required  to  take  a  dead  load  tension  of  — 1,300  lbs.  and  a 
wind  load  tension  of  — 3,300  lbs.  is  =( — 1,300  —  3,300) -=-(  16,000 
X  1.25)  =0.23  sq.  in.  The  net  area  of  the  section  will  be  found  (see 
Table  XLVI,  Chapter  XIV),  by  deducting  the  area  of  4  rivet  holes 
from  the  area  of  the  member=6.i8 — 4  X  (}  +  i)  X  0.318=5.06 
sq.  in. 

Struts  1-2  and  3-4  will  be  made  of  two  6"  channels  @  10.5  lbs.  the 
same  as  5-6. 

Strut  Dj  —  D,  (13-14). — ^The  strut  has  a  length  l=20  ft  3  in. 
=  243  in. 

The  stresses  are 

Breaking  load  stress  =  +    1,100  lbs. 
Wind  load  stress       =  +  12,800  lbs. 

The  section  will  be  assumed  as  two  6"  channels  @  10.5  lbs.,  the  same 
as  strut  5-6. 

The  allowable  tmit  stress  in  compression  for  dead  loads  is 

243 
P=  16,000 — 70 =  +  8,300  lbs. 

The  section  is  safe  for  both  breaking  loads  and  wind  stress.  Struts 
II— 12  and  9-10  will  have  the  same  section  as  strut  13-14. 

Strut  di  —  dj  (21-22). — ^The  strut  has  a  length  /  =  20  ft.  3  in.=: 
243  in. 

The  stresses  are 

Breaking  load  stress  =  + 2,500  lbs. 
Wind  load  stress        =  +  8,100  lbs. 

Two  6*^  channels  @  10.50  lbs.,  the  same  as  for  strut  13-14,  will  be  used. 
Struts  19-20  and  17-18  will  have  the  same  sections  as  strut  21-22. 

Bracing  E-d  (6-7).— The  length  is  /=:25  ft.  9  m.  =  309  in. 
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The  stresses  are 

Dead  load  stress  =  +  2,200  lbs. 

Wind  load  compression  =  +  5,300  lbs. 
Wind  load  tension         =  —  5,800  lbs. 

It  will  be  necessary  to  design  the  member  both  as  a  tie  and  a  strut. 
The  least  allowable  radius  of  gyration  (Specifications,  §231)  is 
^=  309 -T- 140  =  2.19.  The  least  radius  of  gyration  of  a  6"  channel 
@  10.5  lbs.,  is  r=2.2i,  so  that  the  member  will  be  made  of  two  6" 
channels  @  10.50  lbs.,  with  webs  vertical  and  backs  of  webs  7  in. 
apart.  The  member  is  safe  for  both  tension  and  compression.  The 
same  sections  will  be  used  for  the  remainder  of  the  bracing. 

Sheave  Girders. — ^The  head  sheaves  will  be  carried  on  built  plate 
girder  diaphragms  which  are  carried  on  sheave  girders  in  the  plane  of 
the  front  posts  and  back  braces.  The  bracing,  Fig.  44,  will  be  dropped 
at  the  upper  ends  so  that  the  sheave  girders  can  be  put  in  place.  To 
make  an  accurate  calculation  of  the  sheave  girders  it  will  be  necessary 
to  have  a  detail  drawing  giving  the  spacing  of  the  diaphragms.  An 
approximate  but  safe  solution  will  be  made,  using  the  data  in  Fig.  46. 

Sheave  Girder  on  Back  Braces. — ^The  values  of  P^  and  P,  will  be 
equal  to  the  values  in  Fig.  46  multiplied  by  R2-i-E  in  Fig.  47  =  values 
in  Fig.  46  multiplied  by  0.75.  The  values  of  P^  and  Pj  in  Fig.  46,  the 
weight  of  the  framework  being  omitted,  will  then  be 

Case  I,  working  load,  Pi=   18,450,    P2=   18,450 

Case  2,  breaking  one  rope,    Pi=     5,850,    P2=  116,400 
Case  3,  breaking  two  ropes,  Pi  =  116,400,    P2=  1 16400 

For  Case  i  the  bending  moment  will  be  Af=  18,450  X  42  =  814,900 
in.-lbs. 

For  Case  3  the  bending  moment  will  be  Mi=^  116,400  X  42=4,878,- 
000  in.-lbs. 

Try  two  18"  channels  @  60  lbs.  From  p.  172,  Cambria,  7  =  703.3 
in.*  With  a  fiber  stress  of  16,000  lbs.  per  sq.  in.  the  allowable  bending 
moment  for  two  18"  channels  (5)  60  lbs.  will  be 


SI      16,000  X  2  X  703.3 
M =-  —  -^ ^—  =  2,500,000  in.-lbs. 

c  9 

which  is  safe  for  working  loads  but  when  multiplied  by  %  is  not  suffi- 
cient for  the  breaking  loads. 
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Assume  that  each  sheave  girder  is  made  of  two  plate  girders,  each 
girder  having  a  web  plate  30"  X  f "  and  flanges  made  of  2  angles 
5"  X  3"  X  A"  placed  back  to  back  with  long  legs  out.  From  Cambria, 
p.  182,  or  Carnegie,  p.  11 1,  the  area  of  2  angles  5"  X  3"  X  A"  =  4-8o 
sq.  in.,  and  the  distance  of  the  neutral  axis  from  the  backs  of  the  angles 
is  ;r  =  o.68  in.  The  eflfective  depth  of  the  girder  is  then  d  =  30  —  2 
X  0.68  =  28.64  in.  With  J  in.  rivets  the  net  area  after  deducting  one 
rivet  hole  from  each  leg,  from  Table  XLVI,  is  4.80  —  2  X  0.27  =  4.26 
sq.  in. 

From  equation  (129),  Chapter  XIV,  the  resisting  moment  of  two 
girders  is 

M  =  16,000  X  2  X  4.26  X  28.64 

=  3,922,000  in.-lbs. 

With  an  allowable  unit  stress  of  24,000  lbs.  Jlfj  =  5,883,000  in.-lbs., 
which  is  safe  for  breaking  loads.  Net  area  of  web  deducting  six  rivet 
holes  =  11.25  —  6  X  0.33  =  9.27  sq.  in.  The  actual  shear  for  breaking 
loads  is  5=  1 16,400 -T- 9.27  =12,550  lbs.  per  sq.  in.  The  allowable 
shear  on  net  section  of  the  web  for  breaking  loads  is  5*=%  X  10,000 
=  15,000  lbs.  per  sq.  in. 

StifFeners  should  be  provided  at  the  points  of  concentrated  loading 
and  at  the  ends  of  the  girder. 

Sheave  Girder  on  Front  Posts. — The  values  of  P^  and  P2  will  be 
equal  to  the  values  in  Fig.  46  multiplied  by  R^-r-E  in  Fig.  47  =  values 
in  Fig.  46  multiplied  by  0.28. 

The  values  of  P^  and  P,  ^  ^^S-  4^y  ^^^  weight  of  the  framework 
being  omitted,  will  then  be 

Case  I,  working  load,  Pi^  6,890,    Pg^  6,890 

Case  2,  breaking  load,  one  rope      Pi=  2,190,    Pj =43,460 
Case  3,  breaking  load,  two  ropes,    Pi= 43,460,    P2= 43,460 

For  Case  i  the  bending  moment  will  be  M  =  6,890  X  42  =  287,380 
in.-lbs. 

For  Case  3  the  bending  moment  will  be  Afi=:  43,460  X  42=  1,825,- 
320  in.-lbs. 

Try  two  15"  channels  @  33  lbs.  From  Cambria,  p.  170,  or  Car- 
negie, p.  loi,  7=312.6  in.*. 

With  a  fiber  stress  of  16,000  lbs.  per  sq.  in.  the  allowable  bending 
moment  for  two  15"  channels  @  33  lbs.  will  be 
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EXAMPLES  OF   HEAD  FRAMES.  II5 

SJ      16,000X2X312.6  . 

M=—  = — =  1,333,300  m.-lbs. 

which  is  safe  for  both  working  loads  and  breaking  loads.    The  girders 
are  safe  for  shear. 

Note. — The  batter  of  the  posts  should  have  been  made  greater  so 
that  the  head  sheave  girders  would  have  been  shorter.  The  sheave 
girders  can  best  be  designed  after  the  details  have  been  partially 
completed. 

EXAMPLES  OF  HEAD  FRAMES.— Data  for  several  steel 
head  frames  are  given  in  Table  XIX.  Detail  plans  for  several  steel 
head  frames  are  given  in  the  latter  part  of  this  chapter. 

A  Timber  Head  Frame.* — ^The  timber  head  frame  shown  in  Fig. 
83  was  designed  by  Mr.  H.  L.  Botsford  in  1909  for  the  Hiawatha  shaft 
of  the  Munro  Iron  Mining  Company,  Iron  River,  Michigan.  The 
head  frame  is  of  the  4-post  type  and  was  designed  to  withstand  the 
breaking  strength  of  a  ij  in.  crucible  steel  hoisting  rope  with  a  factor 
of  safety  of  three.  The  back  brace  was  placed  as  nearly  as  possible 
in  the  plane  of  the  resultant  of  the  stresses  in  the  hoisting  rope.  The 
main  members  of  the  back  brace  and  the  tower  bents  are  12  in.  X  12  in. 
timbers.    The  details  of  the  frame  are  shown  in  Fig.  83. 

Steel  Head  Frame  for  the  Speculator  Mine. — ^The  steel  head 
frame  for  the  Speculator  mine,  Butte,  Montana,  erected  by  the  Gillette- 
Herzog  Mfg.  Co.,  is  shown  in  detail  in  Fig.  84.  This  head  frame  is  of 
the  A-type  and  is  50  ft.  from  the  collar  of  the  shaft  to  the  center  of 
the  sheaves,  which  are  7  ft.  in  diameter.  This  head  frame  is  very 
rigidly  braced  and  has  given  very  satisfactory  results.  The  total  weight 
of  the  structural  steel  work  exclusive  of  the  sheaves  was  42,200  lbs. 
At  40  cents  per  hour  the  shop  labor  cost  2.44  cts.  per  lb.,  an  extremely 
high  figure.  The  cost  of  erection,  everything  being  riveted,  was  $12.00 
per  tor 

Steel  Head  Frame  for  the  Basin  and  Bay  State  Mining  Com- 
pany.— ^The  steel  head  frame  built  for  the  Basin  and  Bay  State  Mining 
Company,  Basin,  Mont.,  by  the  Gillette-Herzog  Mfg.  Co.,  is  shown  in 
Fig.  85.  The  head  frame  was  built  on  the  side  hill,  the  distance  from 
the  base  of  the  main  column  to  the  center  of  the  sheaves  being  70  ft., 
while  the  back  brace  extends  10  ft.  lower.    The  sheaves  are  10  ft.  in 
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diameter  and  carry  a  steel  hoisting  rope  r}  in.  in  diameter.  The  total 
weight  of  the  structural  steel  work  in  this  head  frame  exclusive  of  the 
sheaves  was  79,000  lbs.  At  40  cents  per  hour  the  shop  cost  of  this 
head  frame  was  1.64  cts.  per  pound.  The  actual  cost  of  erection, 
everything  being  riveted,  was  $11.20  per  ton. 


HcaTine,  PLaht 

SPtcuutreur  CorrtiiMmin»  Co. 

BUTTC,  MOHT. 
fflHU/eA  PCI  13,  MlHN. 


Fia  84. 

Steel  Head  Frame  for  Steward  Mine. — The  steel  head  frame  built 
by  the  Gillette-Herzog  M  fg.  Co.  for  the  Steward  mine,  Butte,  Montana, 
is  shown  in  detail  in  Fig.  86,  The  head  frame  is  55  ft.  from  the  base 
to  the  center  of  the  sheaves.  The  shaft  is  inclined  at  an  angle  of  71°. 
The  ore  is  hoisted  in  steel  skips  carrying  5  tons.  The  sheaves  are  7  ft. 
in  diameter  and  carry  a  7  in.  X  i  in.  flat  rope.  The  weight  of  the  struc- 
tural steel  work  in  this  head  frame  is  45,000  lbs.  At  40  cents  per  hour 
the  shop  cost  was  2.08  cts.  per  lb.     The  high  shop  cost  was  probably 
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due  to  the  large  percentage  of  details.     The  actual  cost  of  erection, 
everything  being  riveted,  was  $15.20  per  ton. 

Steel  Head  Frames  for  the  High  Ore  and  Diamond  Minea. — The 
steel  head  frames  for  the  High  Ore  and  Diamond  mines  of  tlie  Ana- 


S/DE  ElEVffTIOM  feONT  ELEVffrWM 

Fig.  87-    Steel  Head  Frame  fob  Diamond  Mine,  Built  by  the  Gillette- 
Heszog  Mfc.  Co. 

conda  Copper  Mining  Co.,  Butte,  Montana,  are  essentially  duplicates. 
The  details  of  the  steel  head  frame  of  the  Diamond  mine  are  shown  in 
Fig,  87,     The  Diamond  head  frame  is  100  ft.  high  from  the  collar  of 
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ft 

the  shaft  to  the  center  of  the  sheaves.  The  shaft  is  2,800  ft.  deep. 
The  sheaves  are  10  ft.  in  diameter  and  carry  a  7  in.  X  i  in.  flat  rope. 
The  ore  is  hoisted  in  self-dumping  skips  with  a  capacity  of  7  tons  and 
weighing  3^  tons,  and  is  dumped  into  hoppers  from  which  it  is  run 
directly  into  cars  which  pass  beneath  the  head  frame.  The  main  front 
columns  and  back  braces  are  made  of  built-up  sections  consisting  of 
one  cover  plate  20"  X  A"*  two  plates  18"  X  tY',  4  angles  3^"  X  3i" 
X  i",  with  lacing  bars  on  the  inner  side  4"  X  f  "•  The  main  diagonal 
bracing  is  made  of  two  channels  laced.  The  total  weight  of  the  struc- 
tural steel  in  the  head  frame  proper  was  292,000  lbs.,  while  the  steel 
work  in  the  bins  weighed  26,000  lbs.  At  40  cents  per  hour  the  cost  of 
shop  labor  on  the  structural  steel  was  1.09  cts.  per  lb.  The  cost  of 
erection,  everything  being  riveted,  was  $11.20  per  ton. 

The  steel  head  frame  at  the  High  Ore  mine  is  an  exact  duplicate 
of  the  steel  head  frame  at  the  Diamond  mine  with  the  exception  that 
the  chutes  and  bins  are  omitted.  A  general  view  of  the  High  Ore 
head  frame  is  shown  in  Fig.  9.  The  High  Ore  shaft  is  2,800  ft.  deep. 
The  total  weight  of  the  structural  steel  in  the  High  Ore  head  frame  is 
292,000  lbs.  Both  of  these  head  frames  have  proved  to  be  very 
satisfactory.  It  would  appear  that  equally  satisfactory  results  could 
have  been  obtained  with  head  frames  having  lighter  sections — see  New 
Leonard  steel  head  frame,  Fig.  97.  The  first  steel  head  frame  built  in 
the  Eutte  district,  the  Boston  and  Montana  Copper  Company's  head 
frame  at  West  Colusa  mine,  vibrated  somewhat  in  service,  and  for  this 
reason  the  engineers  of  the  Anaconda  Copper  Mining  Company  decided 
to  run  no  risks  and  specified  structures  made  with  very  heavy  sections. 

Mr.  August  Christian,  chief  engineer,  under  date  of  October  12, 
191 1,  wrote  the  author  as  follows:  " The  High  Ore  and  Diamond  head 
frames  are  very  satisfactory.  The  mine  gases  are  not  corroding  the 
head  frames,  which  are  painted  with  No.  400  graphite  paint." 

Steel  Head  Frame  for  the  Inland  Steel  Company. — The  steel  head 
frame  built  for  the  Inland  Steel  Company  at  Hibbing,  Minnesota,  is 
of  the  A-type  and  has  a  height  of  76  ft.  o  in.  from  the  base  to  the  center 
of  the  sheaves.  The  sheaves  are  6  ft.  in  diameter  and  carry  a  crucible 
steel  rope  i^  in.  in  diameter.  The  shaft  has  three  compartments  with 
one  compartment  directly  behind  the  other  two.  The  shaft  is  vertical 
and  hoisting  is  done  with  Kimberley  skips.  From  the  center  of  the 
shaft  to  the  center  of  the  hoisting  drum  is  150  ft.  The  Kimberley  skips 
weigh  3,700  lbs.  and  carry  a  load  of  6,700  lbs.,  making  a  gross  load  of 
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Fig.  88.    Steel  Head  Frame  pqr  Inland  Steel  Company,  Hibbikc,  Minn. 


10400  lbs.  The  present  depth  o£  the  mine  is  225  ft.  The  iron  ore 
weighs  no  lbs.  per  cu.  ft.  A  general  view  of  the  head  frame  is  shown 
in  Fig,  88,  and  detail  drawings  are  shown  in  Fig.  8g.     This  frame  was 
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designed  by  the  Minneapolis  Steel  &  Machinery  Company,  Minneapolis, 
Minn.,  and  was  built  under  Standard  Specifications  for  Materials  and 
Workmanship.  The  shipping  weight  of  the  structural  steel  for  the 
Inland  head  frame  was  79,000  lbs.  The  steel  work  was  painted  with 
one  coat  of  paint  in  the  shop  and  one  coat  after  erection.     The  author 
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Fig.  92,    Top  Dkk,  Three  Deck  Cage  tor  Copper  Queen  Consolidated 

Mining  Co, 

is  under  obligations  to  Mr.  Wm.  Weme,  superintendent,  for  data  and 
information. 

Steel  Head  Frame  for  the  Copper  Queen  Consolidated  Mining; 
Company. — The  steel  head  frame  erected  by  the  Minneapolis  Steel  & 
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Machinery  Company  at  the  Sacramento  shaft  of  the  Copper  Queen 
Consolidated  Mining  Company,  Bisbee,  Arizona,  is  shown  in  Fig.  90. 
This  head  frame  is  of  the  A-type  and  is  60  ft.  o  in.  from  the  collar  of 
the  shaft  to  the  center  of  the  sheaves.  The  sheaves  are  7  ft.  in  diam- 
eter and  carry  a  steel  hoisting  rope  li  in.  in  diameter.  The  shaft  is 
1,700  ft.  deep,  the  hoisting  at  present  being  from  a  depth  of  400  to 
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Fia  93.    Lower  Deck,  Three  Deck  Cage  for  Copper  Queen  Consolidated 

Mining  Co. 


1,600  ft.  The  hoisting  is  done  in  balance,  the  tonnage  varying  from 
1,800  to  2,000  tons  dry  weight  per  day  of  16  hours.  The  weight  of  the 
skip  with  hood  is  5,990  lbs.,  while  the  weight  of  a  load  of  wet  ore  is 
3,700  lbs.  The  hoisting  drums  are  7  ft.  in  diameter,  and  are  placed  so 
that  the  distance  from  the  center  of  the  drum  to  the  center  of  the 
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sheave  is  120  ft.  The  hoisting  rope  has  two  laps  on  the  drum.  The 
weight  of  the  structural  steel  in  the  head  frame,  exclusive  of  the  sheaves, 
is  35,250  lbs. 

Skip. — The  skip  used  by  the  Copper  Queen  Consolidated  Mining 
Company  is  shown  in  Fig.  91.  The  skip  is  of  the  Kimberley  type. 
The  details  of  the  skip  are  shown  in  the  cut. 

Cages. — ^The  standard  three  deck  cage  is  shown  in  Fig.  92  and  Fig. 
93.     The  details  are  shown  in  the  cuts. 

After  this  head  frame  was  completed  the  hoisting  drum  was  moved 
farther  away  from  the  shaft,  and  an  extra  back  brace,  similar  to  that 
shown  in  Fig.  90,  was  built  to  give  greater  rigidity. 

Tonopah-Belmont  Steel  Head  Frame. — The  Belmont  shaft  of  the 
Tonopah-Belmont  Mining  Co.,  Tonopah,  Nevada,  is  at  present  1,420 
ft.  deep.  It  has  three  compartments,  one  for  the  ladder-way  and  pipes 
and  two  for  hoisting.  Double-deck  cages  of  the  Leadville  type  are 
used  for  hoisting,  but  the  use  of  skips  is  contemplated  later.  The  head 
frame,  Fig.  94,  is  of  the  A-type,  and  the  height  is  75  ft.  from  the  base 
to  the  center  of  the  sheaves.  The  hoisting  drum  is  placed  100  ft.  from 
the  center  of  the  shaft. 

The  sheave  wheels  are  of  the  bicycle  pattern  with  a  diameter  of  84 
inches  at  the  center  of  the  rope  groove,  and  an  over  all  diameter  of  91 
in.  Each  wheel  has  16  spokes  of  i^  in.  rolled  iron  rods.  The  spokes 
are  cast  at  their  inner  ends  into  two  rings  16  in.  in  diameter  and  3  in. 
wide,  so  that  they  form  integral  parts  of  the  hub,  which  is  12  in.  in 
diameter  and  16  in.  long,  while  the  outer  ends  are  cast  into  bosses  on 
the  inside  of  the  ring.  The  rolled  steel  shafts  are  16  in.  in  diameter 
at  the  central  portion  with  bearings  5  in.  in  diameter,  and  are  12  in. 
long.  The  rope  grooves  are  turned  in  hard  maple  blocks  fastened  in  a 
recess  in  the  rim.     The  total  weight  of  the  sheaves  is  2,950  lbs.  each. 

The  head  frame  is  designed  so  as  to  give  a  factor  of  safety  of  8 
when  there  is  on  each  sheave  a  load  of  100,000  lbs.  The  head  frame 
is  sufficiently  strong  and  rigid  to  permit  of  hoisting  loads  of  7  tons 
from  a  depth  of  2,000  ft.  at  a  speed  of  1,000  ft.  per  minute  without 
appreciable  vibration  during  the  most  severe  period  of  starting  and 
acceleration. 

The  head  frame  was  built  by  the  Koken  Iron  Works,  St.  Louis, 
Mo.,  was  made  of  structural  steel  furnished  under  standard  specifi- 
cations, and  was  fully  riveted  up  in  place  with  pneumatic  hammers. 
The  shipping  weight  of  the  structural  steel  was  63,000  lbs. 
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The  hoist  is  placed  lOO  ft.  from  the  shaft,  and  is  a  Wellman-Seaver- 
Morgan  double  drum  electric  hoist  with  drums  having  64  in.  diameter 
and  a  face  36  in.  wide  between  flanges.  The  hoist  is  designed  to  operate 
in  or  out  of  balance  and  is  capable  of  handling  a  load  of  12,000  lbs. 
at  a  speed  of  1,000  ft.  per  minute.  The  hoisting  rope  is  a  six  strand, 
nineteen  wire,  plow-steel  rope,  i  in.  in  diameter  that  weighs  1.58  lbs. 
per  ft,  and  each  rope  is  1,700  ft.  long.  The  diameter  of  the  drum  at 
the  hoist  is  64  in.,  but  the  rope  winds  twice  around  the  drum,  so  that 
the  diameter  is  66  in.  near  the  end  of  the  lift.  With  proper  allowance 
for  bending  stresses  the  working  stresses  under  the  most  severe  con- 
ditions do  not  exceed  the  working  load  of  7.6  tons  as  given  by  the 
manufacturers  of  the  wire  rope. 

Mine  Structures. — The  hoisting  house  is  36  ft.  long,  24  ft.  wide, 
with  an  ell  at  one  corner  16  ft.  by  9  ft.  The  building  is  without  win- 
dows in  the  walls  save  for  the  one  in  the  west  wall  of  the  ell.  The  roof 
has  two  saw  teeth,  the  front  one  is  24  ft.  in  span  and  the  rear  one  12 
ft.,  measured  with  the  length  of  the  building.  The  front  of  the  rear 
saw  tooth  is  taken  up  entirely  by  windows,  giving  a  glazed  area  of  140 
sq.  ft.  The  front  of  the  forward  saw  tooth  is  carried  in  line  down  to 
the  ground  level  for  a  space  10  ft.  wide  in  the  central  part  of  the  main 
building,  so  that  a  space  of  10  ft.  wide  and  16  ft.  high  is  of  glass. 
This  gives  the  hoisting  engineer  an  unobstructed  view  of  the  head 
frame  from  the  collar  of  the  shaft  to  the  top.  At  night  the  frame  is 
illuminated  by  a  3,000  c.  p.  regenerative  flaming  arc  lamp  fixed  above 
the  sheaves.  The  interior  of  the  hoist  house  is  kalsomined  in  white, 
and  the  north  lighting  from  the  saw  tooth  windows,  with  an  almost 
entire  absence  of  shadows,  makes  the  best  possible  working  conditions 
for  the  operator.  The  hoist  house  has  a  structural  steel  framework 
covered  with  cement  plaster  walls.  The  reinforcing  of  the  cement  walls 
is  Hyrib,  an  expanded  metal  with  stiffened  rigid  ribs.  The  expanded 
metal  is  No.  26  gage  on  the  roof  and  No.  28  gage  for  the  side  walls. 
The  steel  lathing  is  carried  on  studding  with  5  ft.  centers.  The  roof 
of  the  hoist  house  consists  of  1:2:4  concrete  3  in.  thick,  reinforced 
with  Hyrib.  After  this  layer  had  dried  the  upper  and  lower  surfaces 
were  plastered  with  a  cement  mortar  composed  of  5  parts  cement,  12 
parts  sand  and  i  part  hydrated  lime,  mixed  with  chopped  fiber  and  was 
troweled  on  in  a  layer  J  in.  thick.  The  finished  roof  is  4^  in.  thick 
and  has  shown  no  cracks  under  severe  conditions  of  temperature.  The 
side  walls  are  2J  and  2J  in.  thick  and  were  made  by  plastering  both 
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sides  of  the  Hyrib  with  a  mortar  of  5  parts  cement,  12  parts  sand  and 

I  part  hydrated  lime,  to  which  some  cut  fiber  was  added  as  before. 

• 

Steel  Head  Frame,  Cia.  Minera  de  Penoles. — The  steel  head  frame 
built  by  the  Wellman-Seaver-Morgan  Company  for  the  Cia.  Minera  de 
Penoles  at  Bermejillo,  Mexico,  is  shown  in  Fig.  95  The  steel  head 
frame  is  of  the  A-type,  and  is  90  ft.  from  the  collar  of  the  shaft  to  the 
center  of  the  sheaves.  The  sheaves  are  7  ft.  in  diameter  and  carry  a 
I J  in.  hoisting  rope.  The  head  frame  is  provided  with  two  sheaves 
designed  to  hoist  in  a  two  compartment  shaft,  and  arranged  to  operate 
self -dumping  skips  and  cages.  The  vertical  steel  guides  support  wood 
guides  on  which  the  cages  and  skips  operate  At  the  top  of  the  head 
frame  and  surrounding  the  sheaves  is  a  platform  covered  with  steel 
plate  and  provided  with  angle  iron  hand-railing.  A  ladder  is  attached 
to  one  of  the  front  posts  of  the  head  frame,  and  extends  from  the 
ground  to  the  sheave  platform.  The  shipping  weight  of  the  structural 
steel  in  the  head  frame  was  80,000  lbs. 

Design  of  Head  Frame. — ^The  head  frame  is  designed  for  a  work- 
ing load  of  approximately  17,000  lbs.,  consisting  of  a  70  cu.  ft.  skip 
loaded  with  ore,  a  cage,  and  1,000  ft.  of  i|  in.  rope.  The  head  frame 
was  designed  to  withstand  the  stresses  coming  upon  the  structure  with 
the  following  factors  of  safety:  (i)  Breaking  strength  of  i^  in.  hoist- 
ing rope  with  a  factor  of  safety  of  two;  (2)  a  working  load  of  17,000 
lbs.  with  a  factor  of  safety  of  five;  (3)  the  dead  load  with  a  factor  of 
safety  of  four;  (4)  the  wind  load  with  a  factor  of  safety  of  three. 
The  general  design  and  sections  of  the  head  frame  are  shown  in  Fig. 
95.  The  posts  are  anchored  to  the  foundation  by  four  ij  in.  anchor 
bolts  provided  with  anchor  plates  at  the  lower  ends.  The  ends  of  the 
posts  resting  on  the  base  plates  are  milled.  The  structural  steel  was 
medium  steel  furnished  under  American  Manufacturer's  Standard 
Specifications.  The  steel  frame  work  was  painted  with  one  coat  of 
graphite  paint  before  shipment,  and  one  coat  after  erection. 

Cages. — Each  cage  was  made  of  structural  steel,  the  sides  being 
made  of  steel  plates  stiffened  at  the  edges  by  means  of  angles,  and  at 
the  center  by  means  of  a  continuous  bar  extending  up  one  side  of  the 
'cage  over  a  steel  casting  at  the  top,  and  then  down  over  the  other  side. 
At  the  upper  end  of  the  frame  there  is  provided  four  cast  steel  safety 
catches  to  hold  the  cage  if  the  rope  should  suddenly  break.  Each  cage 
is  also  fitted  with  a  spring  draw-bar  to  protect  the  cage  and  rope  against 
the  sudden  starting  of  the  load.  The  steel  plate  hood  is  provided  with 
10 
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hinges  so  that  the  hood  may  be  lashed  back,  when  lowering  rails  or 
timber.     The  floor  of  the  cage  is  of  matched  oak 

Skips. — ^The  skips  are  made  of  structural  steel,  are  4'  3**  X  2'  o'' 
X  8'  o",  and  have,  a  capacity  of  70  cu.  ft.  The  bottom,  sides  and  end 
of  the  "skip  are  fitted  with  a  steel  wearing  plate  bolted  in  place,  so  it  can 
be  removed  when  worn.  The  skip  is  provided  with  a  lip  10  in,  wide, 
so  that  the  ore  will  dump  away  from  the  shaft  as  far  as  possible.  The 
skip  is  suspended  low  enough  under  the  cage  so  that  there  will  be  no 
danger  of  interfering  with  the  cage  in  dumping.  The  skip  is  hinged 
at  the  lower  left  hand  corner  to  the  guide-frame,  and  is  held  in  an 
upright  position  by  resting  on  an  I-beam  which  forms  part  of  the  guide 
frame.  The  skip  is  provided  with  two  cast  steel  rollers  at  the  upper 
left  hand  corner.  By  sliding  between  dumping  rails  these  rollers  guide 
the  skip  into  the  dumping  position.  At  the  same  point  there  is  also 
provided  two  steel  plate  horns,  one  on  each  side.  When  the  skip  nears 
the  dumping  position  these  horns  slide  on  cast  steel  rollers  supported 
on  steel  castings,  which  form  part  of  the  dumping  rails.  The  horns 
also  act  as  lifters  for  raising  the  skip  onto  the  curved  portion  of  the 
dumping  rails.  The  sides  of  the  guide  frame  are  made  of  3^"  X  3" 
X  f "  angles,  securely  riveted  to  a  |  in.  plate.  These  angles  form 
guide-shoes  for  receiving  the  guide  timbers  in  the  shaft.  On  the  inside 
of  these  angles  are  provided  steel  working  plates  securely  bolted  to  the 
angles  by  counter-sunk  head  bolts.  Two  of  these  guide-shoes  are  used 
on  the  skip,  and  two  on  the  guide.  The  frame  is  widened  at  the  bottom, 
the  left  hand  side  receiving  the  hinge  for  the  skip,  and  the  right  hand 
side  being  fitted  with  an  I-beam  for  holding  the  skip  in  a  vertical 
position. 

Dumping  Rails. — The  dumping  rails  or  guides  consist  of  3J"  X  3i" 
X  f"  angles,  held  together  by  plates  riveted  to  the  backs  of  the  angles. 
At  the  upper  ends  of  the  angles  are  provided  steel  castings,  on  which  are 
carried  cast  steel  rollers  for  receiving  the  horns  on  the  skips. 

Safety  Detaching  Hooks. — The  safety  detaching  hooks  used  on  this 
head  frame  are  shown  in  Fig.  40,  and  are  described  in  Chapter  II. 

Sheaves. — The  sheaves  are  7  ft.  in  diameter,  and  consist  of  a  cast 
iron  rim  and  hub,  fitted  with  24  wrought  iron  spokes  ij  in  in  diameter, 
cast  in  place.  The  sheave  is  keyed  to  the  shaft,  and  has  a  turned 
groove  for  a  i  J  in.  rope.  Each  sheave  has  two  cast  iron  bearings  5^  in. 
in  diameter  by  10  in.  long,  lined  with  babbitt  metal  and  fitted  with  a 
cap,  which  is  provided  with  an  oil  box.     The  upper  shaft  for  the  sheave 
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is  of  forged  steel  5}  in.  in  diameter  through  the  bearings,  and  6  in.  in 
diameter  through  the  sheaves. 

Steel  Head  Frame  for  the  New  Leonard  Mine. — ^The  steel  head 
frame  shown  in  Fig.  96  and  Fig.  97  was  built  by  the  American  Bridge 
Company  for  the  New  Leonard  mine  of  the  Boston  &  Montana  Copper 
Company,  Butte,  Montana.     The  head  frame  is  of  the  A-type,  and  is 


Fig.  96.    Steel  Head  Frame  for  Leonard  Mine. 

140  ft,  high  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves. 
The  mine  has  a  four  compartment  shaft,  two  of  the  compartments 
being  used  for  hoisting  ore.  The  mine  is  now  1,697  f^^*  deep,  but  the 
head  frame  was  designed  for  an  ultimate  depth  of  3,500  feet.  The  ore 
is  hoisted  in  five-ton  self-dumping  skips  with  a  single  deck  cage  above 
the  skip.  The  skips  weigh  7,500  lbs.  each.  Four-deck  cages  are  used 
for  hoisting  men.  The  hoisting  rope  is  i^  in.  in  diameter,  a  round 
hoisting  rope  being  an  innovation  in  the  Butte  district.  The  rate  of 
hoisting  is  2,800  ft.  per  minute.  The  skip  ore  bins  have  a  capacity  of 
150  tons.  From  the  skip  ore  bins  the  ore  runs  into  railroad  ore  bins 
(not  shown  in  Fig,  97), 26  ft.  9  in.  wide  by  150  ft,  long,  with  a  capacity 
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of  1,500  tons.    The  sheaves  are  12  ft,  in  diameter,  and  are  placed  5  ft 
10  in.,  center  to  center. 

The  main  posts  are  made  of  two  channels  12  in.  @  20^  lbs.,  with  a 
cover  plate  16  in.  wide  and  iV  in.  and  i  in.  thick,  with  lacing  on  the 
inner  side.  The  back  braces  for  the  lower  two  panels  are  made  of 
channels  12  in.  @  30  lbs.,  with  a  plate  16  in.  X  I  in. ;  the  third  section 
is  made  of  two  channels  12  in.  @  30  lbs.,  with  a  plate  16  in.  X  A  in., 
while  the  two  upper  sections  are  made  of  channels  12  in.  @  20J  lbs., 
laced  on  both  sides.  The  main  struts  and  diagonal  braces  are  made  of 
two  channels,  with  battens  top  and  bottom.  The  skip  guides  are  made 
of  two  channels  12  in  @  20J  lbs  The  main  girder  at  the  top  of  the 
back  brace  consists  of  one  plate  36  in.  X  f  in.,  and  four  angles  4"  X  4" 
X  f  "•  The  skip  bins  are  supported  on  columns  made  of  two  channels 
10  in.  @  15  lbs.,  laced  on  both  sides.  Where  two  channels  are  used 
for  a  section,  the  flanges  are  turned  out.  The  New  Leonard  head 
frame  is  one  of  the  highest  in  the  country,  and  is  one  of  the  best 
designed  frames  that  has  been  constructed.  The  shipping  weight  of 
the  structural  steel  in  this  head  frame  was  346425  lbs. 

Steel  Head  Frame  for  Union  Shaft. — ^The  steel  head  frame  shown 
in  Fig.  98  and  Fig.  98  a,  was  designed  and  erected  by  the  Wellman 
Seaver-Morgan  Company  for  the  Union  shaft,  Virginia  City,  Nevada. 
It  was  impossible  to  obtain  satisfactory  foundations  near  the  shaft 
opening,  and  it  was  necessary  to  place  the  front  vertical  legs  of  the  head 
frame  on  a  heavy  box  plate  girder.  The  back  braces  are  made  of  two 
plate  girders,  consisting  of  one  plate  18"  X  A"  and  four  angles  4"  X  S" 
X  A",  fully  braced  in  the  plane  of  the  girders.  The  front  vertical 
posts  are  built  H-columns,  consisting  of  one  plate  12''  X  A"  and  four 
angles  3^"  X  3"  X  A".  The  posts  are  rigidly  braced,  and  have  a  bat- 
ter of  li"  in  12"  from  the  bottom  to  a  height  of  40  feet.  There  is  no 
bracing  between  the  back  braces  and  the  front  posts.  The  back  braces 
are  firmly  anchored  to  the  foundation  by  means  of  two  anchor  bolts  in 
each  back  brace,  i^  in.  in  diameter  by  7  ft.  long.  The  head  sheaves  are 
7  ft.  in  diameter,  each  carrying  a  i  in.  hoisting  rope.  The  rate  of 
hoisting  is  1,000  ft.  per  minute,  and  the  hoisting  capacity  is  500  tons 
from  a  depth  of  2,000  ft. 

The  head  frame  was  designed  for  a  load  of  16,000  lbs.,  made  up 
as  follows: 
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6,000  lineal  ft.  of  i-in.  rope  ^9,600  lbs. 
2  cages  =  3,400  lbs. 

Rock  in  car  ^  2,400  lbs. 

Tail  sheave  ^    500  lbs. 

16,000  lbs. 


Fig.  98.    Stiel  Head  Frame  for  Union  Shaft. 

The  vertical  shaft  gfuides  are  made  of  8  inch  I-beams  @  18  lbs. 
Over  winding  is  prevented  by  the  Well  man- Sea  ver-M  organ  safety 
device  shown  in  Fig.  40  and  described  in  Chapter  II.  This  consists  of 
a  detaching  hook  and  a  cast  iron  case  attached  to  the  head  frame. 
This  safety  device  is  the  same  as  that  used  in  the  steel  head  frame  of 
the  Cia,  Minera  de  Penoles,  Fig.  95.  The  weight  of  the  structural  steel 
in  the  head  frame  is  42,000  pounds.  This  head  frame  is  very  simple 
and  economical.    Under  date  of  Nov.  16,  191 1,  Mr,  Whitman  Symmes, 
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superintendent,  wrote  the  author  that  the  head   frame  was  giving 
excellent  satisfaction. 

Steel  Head  Frame  for  Elbton  Consolidated  Milling  and  Mining 
Company. — The  steel  head  frame  shown  in  Fig.  99  was  erected  by  the 
Wellman-Seaver-M organ  Company  for  the  Elldon  Consolidated  Mill- 
ing &  Mining  Company,  in  the  Cripple  Creek  district  at  Elkton,  Colo- 
rado. This  head  frame  is  55  ft.  from  the  top  of  the  shaft  to  the  center 
of  the  sheaves.     The  sheaves  are  5  ft.  in  diameter  and  carry  a  flat 


Fig.  98  a. 

hoisting  rope  3}  in.  X  |  in.  The  head  frame  is  of  the  4-post  type;  the 
front  main  vertical  columns  being  made  of  one  angle  5"  X  6"  X  i"' 
and  the  middle  main  vertical  columns  being  made  of  one  angle  6"  X  6" 
X  3  "■  f^^  back  braces  are  made  of  two  12"  channels  @  25  lbs.  The 
main  tower  is  braced  by  side  braces  made  of  one  6"  X  6"  X  t"  angle. 
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The  head  frame  is  braced  with  single  angles,  as  shown  in  Fig.  99.  The 
head  frame  was  designed  for  a  breaking  load  of  76,000  lbs.  in  one  rope, 
and  a  working  load  of  15,200  lbs.  The  hoist  was  designed  to  take  an 
unbalanced  load  of  8,000  lbs.,  plus  the  weight  of  2,000  ft,  of  3J  in.  X  t 
in,  rope  This  head  frame,  while  light,  is  very  rigid  and  has  given 
excellent  results.    The  entire  head  frame  is  enclosed  in  a  frame  building. 


Side  Elevation  Front  Elevation 

Fig.  99.    Steel  Head  Fkaue  for  Elkton  Mike. 

Steel  Shaft  House  for  Sibley  Mine.*— The  steel  shaft  house  for 
the  Sibley  mine  of  the  Oliver  Iron  Mining  Company,  Ely,  Minnesota, 
shown  in  Figs.  100  to  103,  was  built  by  the  American  Bridge  Com- 
pany, The  shaft  house  is  30  ft.  wide  by  75  ft.  4-^  in.  long,  and  is  158 
ft.  from  the  collar  of  the  shaft  to  the  top  of  the  head  frame,  and  140 
ft  to  the  center  of  the  sheaves.  On  account  of  the  caving  nature  of 
the  soil  it  was  not  possible  to  build  column  foundations  close  to  the 
shaft,  and  the  front  columns  are  supported  on  a  heavy  box  girder,  the 
center  line  of  which  is  5  ft.  5  in.  from  the  center  of  the  shaft.  The 
back  braces  are  made  of  two  channels  15  in,  @  33  lbs,,  laced,  while 

*  Engineering  News, 
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Fic.  100.    Steel  Shaft  House  tos  Sibley  Mine. 

the  columns  of  the  main  braces  are  made  of  two  channels  12  in.  @  25 
lbs,,  laced.  The  head  sheaves  are  12  ft.  in  diameter  and  carry  a  hoist- 
ing cable  if  in  in  diameter.     At  a  height  of  33  ft.  above  the  shaft  there 
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Fig.  ioi.    Steel  Shatt  House  fds  Siblev  Mine,  Reak  Eletatioh. 
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Fia  I02.    Steel  Shaft  House  fi»  Sibley  Mine,  Side  Elevation. 
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is  a  projection  on  the  shaft  house  to  enclose  the  guides  and  cages.  At 
the  level  of  the  first  floor  there  is  also  a  line  of  36  in.  plate  and  lattice 
girders  between  the  outer  columns,  inside  of  the  15  in.  channels  and 
between  the  inner  columns,  which  are  shown  in  the  sections  in  Figs, 
loi  and  102.  The  fine  ore  and  the  lump  ore  are  dumped  from  the 
cages  through  separate  hoppers  into  bins  or  pockets,  from  which  the 
ore  is  dicharged  into  railway  cars  on  the  tracks  which  run  through  the 
shaft  house.  The  hoppers  are  made  of  ^  in.  steel  plates,  while  the 
pockets  have  a  plank  lining  attached  to  the  structural  steel  framework. 
The  building  is  covered  with  corrugated  steel.  All  field  connections 
are  riveted.  All  columns  having  {i  in.  holes  at  the  splices  were  bolted 
together  at  the  shops  and  had  the  holes  reamed  to  {i  in.  diameter.  The 
building  was  painted  with  two  coats  of  iron  ore  paint  after  erection. 
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Fig.  103.    Foundation  Plan  for  Shaft  House,  Sibley  Mine. 


When  the  shaft  house  was  built,  the  Sibley  shaft  was  726  ft.  deep, 
with  hoisting  compartments  5  ft.  X  6  ft.  The  shaft  house  was  de- 
signed for  an  ultimate  depth  of  2,000  ft  The  shaft  is  vertical.  The 
shipping  weight  of  the  structural  steel  in  the  steel  shaft  house  was 
576,663  lbs. 

Hoisting  Plant — The  hoisting  plant  is  of  the  type  known  as  the 
twin  first  motion  or  direct  acting  hoist,  consisting  of  two  first  motion 
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hoists  operated  with  one  pair  of  engines.     Each  drum  carries  two 
ropes,  two  of  these  ropes  being  used  in  the  Sibley  shaft  and  the  others 
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Fig.  104.    Steel  Cage  for  Siblev  Mine. 


in  the  Savoy  shaft,  which  is  at  a  distance  of  1,500  ft.  from  the  Sibley 
shaft.  The  Sibley  shaft  is  500  ft.  from  the  hoisting  plant,  while  the 
Savoy  shaft  is  2,000  ft.     The  ore  from  the  tram  cars  is  dumped  under- 
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ground  directly  into  the  storage  pockets.     When  the  skips  are  filled 
from  the  storage  pockets  the  hoisting  can  be  done  with  one  hoist  from 


two  different  mines,  without  delay  or  waiting  for  the  hoist  in  the  other 
shaft.  The  hoisting  capacity  of  each  drum  is  28,500  lbs.,  distributed 
as  follows:  ore,  14,000  lbs.;  rope,  6,000  lbs.;  cage,  3,500  lbs.;  skip. 
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5,000  lbs     The  unbalanced  load  is  21,000  lbs.    The  hoisting  speed  is 
2,000  ft.  per  minute. 

Cages, — ^The  cages  for  the  Sibley  vertical  shaft  are  shown  in  Fig. 
104  and  are  14  ft.  3  in.  high,  and  5  ft.  8  in.  by  4  ft.  2^  in.  in  plan.  The 
frame  is  made  of  steel  angles  and  bars,  with  channels  for  the  bottom 
framing.     The  floor  is  made  of  2  in.  planking,  covered  with  \  in.  steel 
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Fia  106.    Steel  Skip  for  the  Sibley  Mine. 


plate,  and  between  the  planks  are  25  lb.  rails  with  a  gage  of  24  in.  for 
the  mine  cars.  Two  heavy  bars  transmit  the  pull  to  the  skips  under- 
neath, and  at  the  head  is  a  2\  in.  drawbar  of  soft,  open  hearth  steel. 
The  two  drawbar  springs  are  of  square  steel,  and  have  an  outside  diam- 
eter of  6i  in.,  and  a  length  of  7  in.  when  free.  The  compression 
under  10,000  lbs.  load  is  i^  in. 

In  the  Savoy  inclined  shaft  the  cages  nm  on  four  18  in.  flanged 
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wheels  on  a  track  of  4  ft  7  J  in.  gage,  as  shown  in  Fig.  105.  The  Savoy 
shaft  is  inclined  to  the  vertical  ij  in.  to  one  foot.  The  framing  is 
similar  to  that  of  the  other  cage  but  with  additional  diagonal  members, 
while  the  lower  side  of  the  frame  is  made  of  4  in.  channels.  The  floor 
is  horizontal.  Attached  to  the  safety  catches  are  two  extension  springs 
of  "^if  round  steel  wire. 

Skips. — ^The  skips  for  the  Sibley  shaft,  Fig.  106,  are  7  ft.  high  and 
are  carried  between  two  upright  angle  iron  frames,  with  a  total  height 
of  10  ft.  5I  in.  The  weight  complete  is  4,678  lbs.  for  a  skip  without 
lip,  or  4,935  lbs.  for  a  skip  with  a  lip.  The  skips  for  the  inclined  Savoy 
shaft  are  6  ft.  9  in.  high,  and  run  on  four  18  in.  wheels,  like  the  cage. 
Ordinarily  the  skips  are  suspended  beneath  the  cages,  being  connected 
to  the  forked  end  of  the  two  heavy  side  bars  of  the  cage  frame  by 
means  of  3  in.  pins.  If  the  skip  is  at  any  time  required  to  be  attached 
directly  to  the  rope,  a  cross  frame  with  a  drawbar  is  fitted  between  the 
side  frames  of  the  skips,  as  shown  by  the  dotted  lines. 

Steel  Rock  House  for  the  Quincy  Mining  Company. — ^The  steel 
rock  house  No.  2  for  the  Quincy  Mining  Company,  designed  and  built 
by  the  American  Bridge  Company,  is  shown  in  Fig.  11  and  in  Figs. 
107  to  109. 

The  rock  house  is  170  ft.  8{i  in.  by  44  ft.  6  in.  in  plan,  with  a  height 
of  119  ft.  3  in.  to  the  center  of  the  head  sheaves,  and  146  ft.  iij  in. 
to  the  top  of  the  framing  of  the  roof  covering  the  sheaves.  The  shaft 
is  a  two  compartment  shaft,  and  makes  an  angle  with  the  horizontal  of 
57  degrees.  The  depth  of  the  shaft  on  the  incline  is  over  6,000  ft. 
The  hoisting  capacity  is  2,400  tons  in  24  hours. 

The  shipping  weight  of  the  structural  steel  and  corrugated  steel 
was  839,000  lbs.  The  copper  rock  is  hoisted  in  skips  weighing  5  tons, 
and  having  a  capacity  of  168  cu.  ft.  The  skips  are  4  ft.  by  4  ft.  by 
12  ft.  long.  After  leaving  the  main  shaft,  the  skips  are  carried  on  a 
track  on  the  15  lb.  channels,  which  constitute  the  back  brace  of  the 
head  frame,  and  may  be  dumped  at  points  i,  2,  or  3,  Fig.  109.  Large 
pieces  of  rock  or  mass  copper  are  dumped  at  point  i,  and  are  loaded 
directly  into  cars  by  means  of  a  chain  hoist  carried  on  a  15  in.  I-beam. 
The  poor  rock  is  dumped  at  point  2,  from  which  it  is  chuted  into  the 
poor  rock  bin  marked  C.  The  poor  rock  from  bin  C  is  sorted,  the  rock 
is  thrown  in  poor  rock  tube  E,  from  which  it  is  run  into  cars  and  is 
hauled  to  the  waste  dump.  The  copper  rock  from  bin  C  is  run  through 
the  25  ton  crusher,  and  is  chuted  into  crusher  rock  bin  D,  from  which 
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it  is  run  into  cars.  The  mass  rode  is  dumped  at  point  3,  and  runs  over 
the  grizzles,  /,  placed  at  an  angle  of  16  degrees  with  the  horizontal. 
The  grizzles,  /,  are  made  of  6  in.  round  bars  spaced  18  in.  center  to 
center.  The  material  passing  through  grizzle  /  drops  into  hopper  bin 
B.    From  bin  B  the  rock  is  thrown  into  crusher  M,  the  poor  rock  being 
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sorted  out  and  dropped  through  chute  K  into  the  poor  rock  bin  C. 
After  the  rock  is  crushed  in  crusher  M,  it  drops  into  the  stamp  rock 
bin  A.  The  stamp  rock  is  drawn  from  bin  A  through  bottom  gates 
into  railroad  cars,  and  is  taken  directly  to  the  stamp  mill. 

Pieces  of  mass  copper  and  large  pieces  of  copper  rock  that  will  not 
pass  through  the  grizzle  /,  pass  down  chute  /  into  the  big  rock  bin  H. 
Masses  too  large  to  pass  through  mass  copper  chute  G  are  put  under 
the  drop  hammer  and  are  reduced  in  size.     The  mass  copper  is  dropped 
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through  mass  copper  tube  G,  and  is  loaded  directly  into  cars.  The 
copper  rock  is  dropped  into  stamp  rock  bin  A. 

The  head  sheaves  are  12  ft.  in  diameter.  The  hoisting  cable  is  l^ 
in.  in  diameter,  and  makes  an  angle  of  12"  38'  with  the  horizontal. 

The  stamp  rock  bin  ^  is  44  ft.  in  diameter  and  35  ft.  5  In.  high. 
The  lower  28  ft.  of  the  bin  has  side  plates  ^  In.  thick,  while  the  upper 


Fig.  idS.    Steel  Head  Fkaue  for  Rock  House  for  Quincy  No.  2  Ming. 

7  ft.  of  the  bin  is  made  of  No.  10  sheet  steel.  The  crusher  floor  is  sup- 
ported on  four  columns,  extending  up  through  the  bin.  These  columns 
have  an  I-section,  and  are  made  of  four  angles,  6"  X  3i"  X  f"  and  a 
plate  12  in.  X  f  in.  These  columns  have  a  timber  protection,  and  have 
braces  running  out  to  the  bin  walls  where  they  are  attached  to  vertical 
and  horizontal  angles  in  the  bin  walls.  Hopper  bin  B  is  14  ft.  in  diam- 
eter, and  is  made  of  plates  -h  in.  thick.  Poor  rock  bin  C  is  13  ft.  in 
diameter  and  12  ft.  6  in.  high,  and  is  made  of  plates  ^  in.  thick. 
Crusher  rock  bin  0  is  9  ft.  in  diameter  and  9  ft.  high,  and  is  made  of 
plates  Vo  in-  thick.     Mass  copper  tube  G  is  5  ft,  in  diameter,  and  is 
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made  of  plates  ^  in.  thick.     The  steel  chutes  are  made  of  f  in.  steel 
plate. 

•  The  entire  building  is  covered  with  No.  22  galvanized  corrugated 
steel  on  the  sides,  and  No.  20  galvanized  steel  on  the  roof.  The  cor- 
rugated steel  is  laid  with  4  in.  end  laps  on  the  sides,  and  6  in.  end  laps 
on  the  roof.  The  purlins  are  5  in.  channels  @  6J  lbs.,  and  have  f  in. 
sag  rods.    The  girts  are  4  in.  channels  @  5^  lbs. 

The  sheave  girders  were  designed  for  the  breaking  strength  of  the 
i^  in.  hoisting  rope. 


CHAPTER  VII. 
The  Design  of  Coal  Tipples. 

Introduction. — The  design  of  a  coal  tipple  depends  upon  the  quality 
of  the  coal,  upon  whether  the  coal  is  hoisted  from  the  shaft  or  is  taken 
from  a  drift  or  tunnel,  and  upon  the  work  that  it  is  necessary  to  do 
in  order  to  prepare  the  coal  for  the  market.  The  coal  tipple  for  a 
bituminous  mine  in  which  the  coal  is  hoisted  from  a  shaft,  consists  of 
a  head  frame  and  a  shaker  structure  or  tipple  proper  where  the  coal  is 
weighed  and  screened.  A  coal  tipple  for  an  anthracite  mine  ordinarily 
consists  of  a  head  frame  with  storage  bins  into  which  the  coal  is  run 
without  crushing  or  screening;  the  coal  being  prepared  for  market  in 
a  separate  breaker  building.  Where  bituminous  coal  is  dirty  or  con- 
tains a  large  amount  of  refuse  material  it  is  sometimes  cleaned  in  a 
washer  building,  or  is  broken,  sized  and  cleaned  in  a  coal  breaker. 
The  design  of  coal  washers  is  considered  in  Chapter  XI,  and  the  design 
of  coal  breakers  in  Chapter  XII.  (A  most  interesting  and  valuable 
treatise  on  coal  mining  methods  and  appliances  is  the  special  report 
on  "Coal  Mining,"  A.  C,  Pennsylvania  Second  Geological  Survey, 
1883.)* 

With  a  double  compartment  shaft  the  shaking  structure,  or  tipple 

proper,  is  usually  placed  with  its  axis  at  right  angles  to  the  center  line 

of  the  two  compartments.     The  hoisting  ropes  may  be  either  parallel 

to  the  axis  of  the  tipple,  as  in  Fig.  12  or  Fig.  123,  in  which  case  the 

head  sheaves  are  parallel ;  or  may  be  placed  at  right  angles  to  the  axis 

of  the  tipple,  in  which  case  the  sheaves  are  placed  in  tandem  as  in  Fig. 

127  and  Fig.  130.     The  coal  may  be  run  through  rotary  screens,  or 

over  shaking  screens  as  is  now  the  common  practice.     Shaking  screens 

are  usually  divided  into  sections  and  are  driven  by  eccentrics  placed 

180  degrees  apart.     The  shaking  screens  do  not  ordinarily  weigh  more 

than  two  to  three  tons  empty  or  four  to  six  tons  when  loaded,  but 

are  driven  with  a  velocity  of  100  to  150  strokes  per  minute,  with  a 

length  of  stroke  of  from  4  to  12  inches,  and  the  shaking  motion  makes 

it  necessary  to  design  the  shaker  structure  with  great  care  in  order  to 

reduce  the  vibration.    The  best  modern  practice  in  the  design  of  coal 

*  Also  see  "  Investigation  of  Coals  of  Canada,"  Vol.  I,  1912,  by  Professors 
J.  B.  Porter  and  R.  J.  Durley,  Department  of  Mines,  Ottawa,  Canada. 
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tipples  is  to  make  the  head  frame  and  the  tipple,  or  shaker  structure, 
entirely  separate  and  independent  units. 

Sizing  CoaL — The  object  in  sizing  coal  is  to  separate  the  dirt  and 
slack  from  the  coal,  and  to  obtain  a  product  that  can  be  burned  more 
advantageously  than  unsized  coal.  A  compact  coal  will  not  admit  the 
air  and  will  bum  on  the  surface,  and  it  is  therefore  an  advantage  to 
have  the  lumps  of  approximately  equal  size.  The  sizes  and  names  of 
the  different  grades  of  coal  differ  considerably  in  different  localities. 
For  the  common  names  and  sizes  of  the  different  grades  of  coal,  see 
Chapters  XI  and  XII. 

TYPES  OF  COAL  TIPPLES.— Coal  tipples  may  be  classed  under 
three  types,  depending  upon  the  manner  in  which  the  coal  is  brought 
to  the  tipple:  (i)  hoisting  in  cages  or  skips  from  vertical  or  slightly 
inclined  shafts;  (2)  cage  hoisting  on  an  incline  either  from  a  shaft,  or 
on  a  bridge,  or  from  a  tunnel;  (3)  conveyor  hoisting  either  from  the 
mine  or  from  a  head  bin  into  which  the  coal  has  been  dumped  from 
cars  or  skips. 

r  HOISTING  FROM  THE  MINE  IN  CAGES  OR  SKIPS.— 

Bituminous  coal  is  ordinarily  hoisted  in  cars  having  a  capacity  of  i  to 
3i  tons  each,  while  anthracite  coal  is  usually  hoisted  in  skips  or  self- 
dumping  cages.  A  few  bituminous  mines  where  the  extra  handling  of 
the  coal  is  not  detrimental  to  the  coal  are  now  using  self-dumping  skips. 
Where  self-dumping  skips  are  used  the  coal  is  dumped  into  hopper  bins 
at  the  bottom  of  the  mine,  from  which  it  is  discharged  into  the  skip. 
With  wet  bituminous  coal  self-dumping  skips  do  not  always  dump  the 
coal  out  thoroughly,  thus  causing  a  delay.  Self-dumping  cages  are  used 
in  both  bituminous  mines  and  in  anthracite  mines — see  the  tipples  for 
W.  P.  Rend  Coal  Company  in  Fig.  120,  the  Franklin  County  Construc- 
tion Company  in  Fig.  123,  and  the  Phillips  tipple  in  Figs.  142  and  143. 
Detail  plans  of  the  self-dumping  cages  used  at  the  Phillips  mine  are 
shown  in  Fig.  144.  With  plain  cage  hoisting  with  cars  the  waste  rock 
may  be  raised  and  dumped  during  the  time  of  hoisting  coal  without 
causing  any  delay.  It  is  also  possible  to  continue  hoisting  when  there 
is  a  delay  in  the  dumping,  or  the  dumping  may  be  continued  for  a  short 
time  when  there  is  a  delay  in  the  hoisting. 

Plain  cage  hoisting  may  be  classed  as  (a)  single  deck,  (&)  double 
deck,  (c)  single  deck  and  with  two  cars  side  by  side,  (d)  single  deck 
with  two  cars  end  to  end.     Single  deck  cages  with  one  car  are  com- 
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monly  used  for  small  mines,  while  single  deck  cages  with  two  cars  end 
to  end  have  been  used  in  several  of  the  more  recent  coal  tipples. 

Dumping  Cars  in  the  Tipple. — When  the  cages  have  reached  the 
level  of  the  tipple  floor  the  loaded  cars  may  be  handled  by  four  dif- 
ferent methods. 

(o)  Push  Back  Dumps. — The  loaded  pit  cars  are  run  off  the  cage 
by  hand,  and  are  pushed  to  the  tipping  point  and  dumped  with  a  push 
back  tipple  or  dump.  After  the  car  is  dumped,  it  is  shoved  back  on 
the  cage,  or  in  the  batter  types  of  tipples,  the  empty  car  is  pushed 
around  the  shaft  and  when  the  loaded  cage  reaches  the  landing  the 
empty  car  is  pushed  against  the  loaded  car,  shoving  it  off  the  cage 
and  replacing  it.  This  method  is  in  use  in  many  of  the  tipples  in  tlie 
Middle  West.  To  handle  from  i,ooo  to  1,200  tons  of  coal  per  day  of 
eight  hours,  with  cars  of  one  ton  capacity,  will  require  from  5  to  8  men 
in  addition  to  the  weighman  and  the  men  employed  on  the  railroad  cars. 
Double  deck  cages  for  this  form  of  dumping  would  be  of  no  advantage. 
An  improved  push  back  tipple  is  shown  in  Fig.  no. 

(6)  Cross-over  Dumps  and  a  Ramsey  Transfer. — ^The  tipple  floor 
is  arranged  to  give  a  descending  grade  by  which  the  loaded  car  leaves 
the  cage.  With  two  cars  placed  end  to  end,  when  the  cage  reaches  the 
level  of  the  tipple  floor,  a  steam  or  a  pneumatic  cylinder  pushes  two 
empty  cars  on  the  cage  and  pushes  off  the  two  loaded  cars.  Each 
loaded  car  then  runs  by  gravity  to  a  cross-over  tipple,  where,  after 
dumping  its  load,  it  is  righted,  and  the  next  car  following  automatically 
opens  the  locking  horns  long  enough  to  let  the  now  empty  car  through. 
The  horns  then  spring  back  and  catch  the  incoming  loaded  car.  There 
are  several  styles  of  cross-over  tipple,  the  Phillip's  cross-over  tipple 
being  shown  in  Fig.  112,  and  the  Jeffrey-GrifRth  cross-over  tipple  in 
Fig.  113.  The  empty  car  then  runs  down  a  short  incline  through  a 
spring  switch,  and  up  a  short  steep  incline,  which  reverses  the  direc- 
tion and  turns  the  car  into  a  track  which  has  a  down  grade  to  a  point 
back  of  the  shaft.  The  empty  car  is  here  run  upon  a  Ramsey  transfer 
platform.  The  transfer  platform  carries  two  empty  cars  sidewise  up 
an  incline,  bringing  them  in  line  with  one  compartment  of  the  shaft. 
When  the  cage  containing  two  loaded  cars  reaches  the  level  of  the 
tipple  floor,  the  empty  cars  are  pushed  on  the  cage  by  means  of  the 
steam  or  pneumatic  ram  referred  to  above,  and  the  two  loaded  cars 
are  pushed  off.  This  is  the  method  used  in  the  Spring  Valley  Coal 
Company's  Tipple  No.  5,  and  is  shown  in  detail  in  Fig.  131  to  Fig.  133, 
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and  in  the  tipple  for  the  Alberta  Railway  and  Irrigation  Company, 
shown  in  Fig.  136. 

(c)  Cross-over  Dumps  and  Chain  Haul. — ^This  method  is  the  same 
as  that  described  in  (&),  except  that  a  chain  car  haul  is  used  to  haul 
the  car  up  a  steep  grade  to  the  level  of  the  cage,  and  a  Ramsey  transfer 
is  not  needed.  This  is  the  plan  used  for  Cardiff  No.  2  Tipple,  and 
described  in  Fig.  127  and  Fig   128. 

(d)  Rotary  Dumps, — ^Rot^ry  dumps,  Fig.  114,  may  be  used  in  place 
of  the  cross-over  tipples  in  method  (6)  or  method  (c). 

MINE  CAR  TIPPLES  OR  DUMPS.— The  coal  may  be  dumped 
from  the  mine  cars  (a)  by  push  back  tipples,  (&)  by  cross-over  tipples, 
or  (c)  by  rotary  dumps  or  tipples. 

(a)  Push  Back  Dump. — With  a  push  back  tipple  the  car  is  run  to 
the  tipple  horns  and  is  dumped,  after  which  the  car  is  pushed  back  to 
a  switch  and  another  car  is  brought  up  and  dumped.  This  method  is 
slow  and  expensive  of  labor.  The  Jeffrey  Manufacturing  Company 
has  developed  an  improved  push  back  dump,  Figs,  no  a  and  nob,  that 
is  a  great  improvement  on  the  ordinary  push  back  dump. 


Fig.  iioa.    Jeffrey  Gravity  Return  Car  Dump. 

Jeffrey  Gravity  Return  Car  Dump. — The  car  takes  the  positions  i, 
2,  3  continuously,  and  is  dumped  by  operating  the  lever.  Fig.  no  a. 
When  the  car  is  righted,  the  second  car  moves  forward  and  releases 
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the  hinged  track,  and  the  car  3  passes  automatically  down  the  inclined 
track.  Fig,  nob.  After  car  3  has  passed  over  the  hinged  inclined 
track,  it  resumes  its  normal  position,  and  the  next  car  is  automatically 
released  and  passes  to  the  dumping  position.  A  sketch  of  a  coal  tipple 
in  which  a  return  car  dump  is  used  is  shown  in  Fig.  iii. 


Fig.  1 


Ob.      jEf 


1  Gravity  Return  Car  Dum 


(fr)  Cross-over  Tipples  or  Dumps. — The  best  known  cross-over 
tipples  are  the  Phillips,  the  Jeffrey-Griffith,  the  Mitchell,  and  the  Wil- 
son. The  operation  of  cross-over  tipples  will  be  made  clear  from  the 
description  of  the  Phillips  and  of  the  Jeffrey-Griffith  tipples. 


Coal  Tipple  with  Jeffkey  Gravity  Return  Car  Duup. 


Phillips  Cross-over  Tipple  or  Dump. — In  the  Phillips  automatic 
mine  car  tipple,  shown  in  Fig.  112,  hand  labor  is  entirely  dispensed 
with  in  dumping  cars,  all  the  work  being  done  by  gravity.  The  loaded 
car  of  ore  or  coal  goes  down  a  one  per  cent  grade  and  stops  on  the 
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tipple  when  its  front  wheel  strikes  the  "homs"  A.  The  man  oper- 
ating the  brake  lever  permits  the  tipple  to  tip  forward  on  its  rockers 
R,  until  the  coal  or  ore  slides  out  of  the  car  into  the  bin  or  weighing 
box.  After  the  load  is  discharged,  the  tipple  rights  itself  automatically, 
the  now  empty  car  being  held  by  horns  A.  When  the  next  loaded  car 
arrives,  its  front  wheels  strike  the  horn  spreader  B  and  pushes  it  for- 
ward and  downward,  pulling  chain  S  which  rotates  the  horn  shafts  L, 
to  which  the  horns  are  keyed.  The  empty  car  then  coasts  down  a  15 
per  cent  grade  and  up  the  short  raised  track  to  a  point  P,  where  it 
comes  to  rest  for  an  instant  before  coasting  down  to  the  automatic 


Fig.  112.    Phillips  Cross-over  Tipple. 


spring  switch,  and  down  the  track  for  empty  cars.  In  the  meantime 
the  next  loaded  car  has  been  caught  by  the  "horns"  and  dumped  by 
the  operator.  The  "  horn-shafts  "  L,  on  which  the  "  horns  "  rotate,  are 
provided  with  heavy  buffer  springs  to  take  up  the  jar  caused  when  the 
loaded  car  strikes  the  horns.  The  "  horn  springs  "  pull  the  cars  to  an 
upright  position  as  soon  as  the  rear  wheels  of  the  loaded  car  pass  off 
the  "  horn-spreader  "  B.  It  is  therefore  impossible  for  a  loaded  car  to 
pass  the  tipple,  or  to  dump  itself,  for  the  brake  is  always  locked  when 
the  tipple  is  in  its  normal  position.  The  tipple  weighs  from  3,500  to 
6,000  pounds,  depending  upon  the  size  of  the  car  to  be  handled. 

Jeffrey-Griffith  Cross-over  Tipple  or  Dump, — The  dump  consists  of 
two  continuous  rails  to  which  are  attached  substantial  "  horns  "  securely 
fastened  to  a  heavy  shaft.     This  shaft  has  a  bell  crank  and  quadrant 
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arrangement,  with  a  spring  securely  fastened  to  one  end,  while  the 
releasing  and  (^rating  lever  is  at  the  other  end.  The  car  passes  on 
the  dump  as  shown  in  (a).  Fig,  113,  the  jar  beit^  taken  up  by  the 
spring  and  counterweight,  and  the  car  is  dumped  as  shown  in  (&).  The 
car  is  then  released  by  means  of  a  lever  which  depresses  the  "  horns," 


jEFPitEy-GuiTiTH  Cboss-oveb  Dump. 


and  the  car  moves  over  the  inclined  track  as  in  (c).  The  dump  then 
automatically  rights  itself  and  is  ready  for  the  next  car.  The  manu- 
facturers claim  that  10  cars  can  be  discharged  per  minute.  This  dump 
takes  up  less  space  than  the  Phillips  dump,  and  has  the  advantage  of 
continuous  and  unbroken  rails. 

(c)  Rotary  Dumps  or  Tipples. — Thecar  is  run  into  the  tipple.  Fig. 
114,  which  then  makes  a  full  revolution  or  part  of  a  revolution  and 


(O)  (b) 

Fig.  114.    Rotary  Dump  oh  Tipple. 
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return.  Rotary  dumps  have  recently  been  installed  in  the  steel  coal 
ti[^le  of  the  Lethbridge  Collieries,  Ltd.,  Kipp,  Alberta,  where  the  shaker 
structure  b  placed  at  right  angles  to  the  tracks  on  the  tipple  floor. 

2.  CAGE  HOISTING  ON  AN  INCLINE  OR  FROM  A  TUN- 
NEL.— At  the  tipple  of  the  Big  Five  Coa!  Gimpany,  Fig.  115a  and 
Fig.  115b,  the  coal  is  delivered  at  the  foot  of  the  incline  in  cars,  where 
the  cars  arc  delivered  to  a  Jeffrey  wire  cable  haul  which  automatically 


Fig.  115a.    Coal  Tipple  fob  Big  Five  Coal  Company,  SrsWAKTsviue,  Ohio; 
Built  bv  Jeffbev  Manufactiiunc  Coupanv. 

picks  up  the  cars  and  delivers  them  to  the  head  of  the  incline,  where 
they  are  dumped  by  a  Jeffrey-Griffith  cross-over  dump.  The  details 
of  the  operation  of  the  cars  are  shown  in  Fig.  115  a  and  Fig.  115  b.  A 
tipple  in  which  the  cars  come  in  on  a  level  is  shown  in  Fig,  15. 

3.  CONVEYOR  HOISTING.— The  coal  may  be  hoisted  in  con- 
tinuous belt  conveyors  or  in  scraper  conveyors  or  bucket  conveyors, 
A  coal  tipple  in  which  the  coal  is  elevated  by  continuous  conveyors  is 
shown  in  Fig,  14,  while  a  coal  tipple  in  which  the  coal  is  lowered  on 
an  incline  from  the  head  house  bin  is  shown  in  Fig.  137  to  Fig.  141. 
The  details  of  the  scraper  conveyors  are  shown  in  Fig.  140  a. 


156 


OF   COAL  TIPPLES, 


iiSb.    Coal  Tipple 
Built  b 


FOR  Big  Five  Coal  Company,  Stewartsville,  Ohio 
Jeffrey  Manufacturing  Company. 


WEIGH  BOXES.— An  end  dump  steel  weigh  box  is  shown  in 
Fig.  ii6,  and  a  combined  end  and  center  dump  weigh  box  is  shown 
in  Fig,  Ii6a. 


Fig.  u6.    Link  Belt  Weigh  Box, 


Fig.  ii6a.    Centeb  and  End  Dump  Weigh  Box. 

SCREENS. — Screens  are  of  three  types:  (a)  rotary  or  revolving 
screens,  (b)  shaking  screens,  (c)  inclined  bar  screens.  The  capacity 
of  screens  depends  upon  the  size  and  slope  of  the  screens,  the  coal  and 
other  conditions.  See  description  of  screens  in  Fig.  121,  Fig.  133, 
Fig.  136,  and  also  Chapters  XI  and  XII. 

Circular  Screens. — Circular  rotating  screens  have  different  sizes  of 
mesh  so  that  the  different  grades  of  coal  varying  from  lump  to  slack 
are  obtained  from  one  screen.    With  fragile  coal  a  rotary  screen  breaks 


Fic.  116  b.    RoTAEv  Screen. 

the  coal  up  badly.  A  rotary  screen  made  of  woven  wire  rods  is  shown 
in  Fig.  ii6b.  Rotary  screens  are  also  made  of  perforated  steel  plates. 
Shaking  Screens. — Shaking  screens  are  either  of  the  bar  type  in 
which  the  screens  consist  of  rectangular  bars  spaced  at  a  distance  apart 
as  required  for  the  different  grades  of  coal,  or  perforated  screens  in 
which  the  different  size  holes  are  punched  in  steei  plates.  In  most  coal 
tipples  both  bar  and  perforated  shaking  screens  are  used.     The  shaking 
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screens  are  cotnmonly  placed  at  a  slope  of  3  in.  in  12  in.,  and  are  either 
supported  by  hangers  from  the  framework  of  the  tipple  building  as  in 
Fig.  Ill,  or  the  screens  are  carried  on  rollers  as  in  Fig.  117a.    The 


Fic  ii6c.    Shaking  Bar  Scseeit. 

latter  method  gives  much  more  satisfactory  results,  as  the  screens  have 
both  a  backward  and  a  forward  and  an  up  and  down  motion.  Shaking 
screens  are  driven  by  eccentrics  attached  iSo  degrees  apart  to  a  shaft 

dTon  Tipple  5ca/e-'-^^  ^ 


Fic,  117  a.    Shaker  Structure  for  a  Coal  Tipple. 

as  shown  in  Fig.  1173- and  Fig,  121.  The  stroke  of  shaking  screens 
varies  from  4  to  12  in.,  and  with  from  100  to  150  strokes  per  minute. 
The  plans  of  a  shaker  structure  for  a  bituminous  coal  mine  are  shown 
in  Fig.  117  a.     The  coal  is  dumped  from  mine  cars  on  the  bar  screens 
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Fig.  117  b.    ScsEEN  Bass. 
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to  remove  the  slack  and  dirt  from  the  coal,  the  coal  then  runs  into  a 
4-ton  weigh  box,  from  which  it  runs  over  the  shaking  screens,  or  the 
mine  run  coal  may  be  run  directly  into  car  No.  i.     The  different  sizes 
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of  coal  may  be  obtained  by  changing  the  gates  in  the  screens.  The 
operation  of  the  screens  can  be  seen  in  Fig.  117  a  and  in  Fig.  121.  In 
handling  soft  bituminous  coal  care  must  be  used  to  have  the  spouts 
and  chutes  so  arranged  that  the  coal  will  not  be  broken  up  in  falling 
through  considerable  distances.  Special  loaders  are  used  for  loading 
coal  into  box  cars.  The  operation  of  coal  tipples  is  explained  in  detail 
in  the  description  of  the  coal  tipple  at  Shaft  No.  5  of  the  Spring  Valley 
Coal  Company,  the  coal  tipple  of  the  Alberta  Railway  and  Irrigation 
Company,  and  the  coal  tipple  of  the  W.  P.  Rend  Coal  Company. 

Inclined  Bar  Screens. — The  standard  sections  of  flat  screen  bars 
are  shown  in  Fig.  117  b.  Standard  inclined  bar  screens,  over  which  the 
mine  run  coal  is  dumped,  were  adopted  by  the  United  Mine  Workers 
in  1898  as  follows : 

"  Screens  hereby  adopted  for  Ohio,  Western  Pennsylvania,  and  the 
bituminous  districts  of  Indiana  shall  be  uniform  in  size,  6  ft.  wide  by 
12  ft.  long,  built  of  flat  acorn-shaped  bars  of  not  less  than  f  in.  surface, 
with  I J  in.  between  bars,  free  from  obstructions ;  and  such  screens  shall 
rest  on  a  sufficient  number  of  bars  to  hold  the  bars  in  proper  position." 

PICKING  TABLES.— Where  the  coal  in  the  mine  is  mixed  with 
slate,  rock  or  other  refuse  in  large  pieces  it  may  be  necessary  to  sepa- 
rate the  coal  and  the  refuse.  Picking  tables  are  wide  belts  which  carry 
the  coal  past  the  pickers,  the  refuse  is  picked  off  the  belt  and  placed 
on  the  refuse  conveyor  and  the  coal  continues  on  the  picking  table  to 
the  cars.  Details  of  the  operation  of  the  picking  tables  at  the  coal 
tipple  of  the  Alberta  Railway  and  Irrigation  Company  are  shown  in 
Fig.  136;  also  see  Fig.  141. 

DESIGN  OF  STEEL  COAL  TIPPLES.— The  problem  of  the 
design  of  the  head  frame  for  a  coal  tipple  is  the  same  as  for  a  metal 
mine,  for  which  see  Chapter  VI.  The  shaker  structure  is  a  steel  frame 
building,  for  the  design  of  which  see  Chapter  IX.  Rigidity  is  more 
important  than  great  strength  in  the  design  of  the  head  frame  and  the 
shaker  structure,  and  care  must  be  used  to  provide  for  the  loads,  and  to 
properly  brace  the  structure.  The  head  frame  and  shaker  structure 
should  be  built  as  independent  units.  If  possible  the  shaking  screens 
should  be  carried  on  a  framework  independent  of  the  shaker  building. 
For  the  design  of  bins,  see  Chapter  X.  The  structural  steel  in  coal  tip- 
ples is  subjected  to  corrosive  gases  and  moisture  and  the  metal  should 
be  made  thicker  than  for  the  usual  steel  frame  structures.     The  mini- 
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mum  thickness  of  steel  sections  and  plates  should  be  ^  in.  Allowable 
stresses  and  other  data  for  the  design  of  coal  tipples  are  given  in 
"  Specifications  for  Steel  Mine  Structures,"  Part  II,  given  in  Appendix 
I ;  also  see  "  Specifications  for  Timber  Mine  Structures "  in  Appen- 
dix II. 

DATA  FOR  COAL  TIPPLES.— Data  for  several  coal  tipples  are 
given  in  Table  XX ;  for  data  on  costs  of  coal  tipples,  see  Chapter  XV, 

EXAMPLES  OP  COAL  TIPPLES.— Detail  plans  and  descrip- 
tions of  several  coal  tipples  are  given  to  illustrate  the  solution  of  dif- 
ferent problems  and  to  explain  the  principles  of  design. 

Steel  Coal  Tipple  for  Hart-WiUiamB  Coal  Co.— The  coal  tipple 
shown  in  Fig.  1 18  was  built  by  the  Wisconsin  Bridge  and  Iron  Co.  for 
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the  Hart-Williams  Coal  Co.,  Benton,  Illinois.  The  head  frame  and 
shaker  building  are  constructed  as  independent  structures.  The  shak- 
ing screens  are  set  with  a  skew  of  55  degrees  with  the  center  line  of 
the  head  frame  in  order  to  accommodate  the  railroad  switch  tracks. 
The  sheaves  are  8  ft.  in  diameter,  and  carry  a  if  in.  hoisting  cable. 
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The  capacity  of  the  tipple  is  2,000  tons  in  9  hours.  The  head  frame 
was  designed  for  the  same  loads  and  unit  stresses  as  the  steel  tipples 
built  by  the  same  company  for  the  W.  P.  Rend  Coal  Company,  and  the 
Franklin  County  Construction  Company,  which  see. 

Steel  Coal  Tipple  for  Lehigh  and  Wilkesbarre  Coal  Company. — 

The  steel  head  frame  built  by  the  Lehigh  and  Wilkesbarre  Coal  Com- 
pany at  Sugar  Notch,  Pennsylvania,  is  of  the  4-post  type;  the  distance 
from  the  collar  of  the  shaft  to  the  center  of  the  sheaves  being  75  ft., 
the  base  being  40  ft.  11}  in.  by  28  ft.  iij  in.  The  rectangular  tower 
has  six  posts  made  of  two  angles  5"  X  3"  X  i"  and  is  braced  with  angle 
bracing.  The  back  brace  consists  of  three  columns  which  are  made  of 
two  angles  6"  X  6"  X  i".  The  main  diagonal  braces  are  made  of  single 
angles  3"  X  &'  X  T . 

The  head  frame  was  designed  for  a  live  load  of  30,000  lbs.,  acting 
alternately  on  each  hoist ;  a  dead  load  equal  to  the  weight  of  the  struc- 
ture, and  a  wind  pressure  of  24  lbs.  per  sq.  ft.  of  vertical  projection. 
The  unit  stresses  for  tension  in  posts  and  bracing  were  taken  at  5,000 
lbs.  per  sq.  in.  for  live  load,  10,000  lbs.  for  dead  load,  15,000  lbs.  for 
wind  load.  The  extreme  fiber  stresses  in  channels  was  taken  at  7,500 
lbs.  per  sq.  in. 

In  this  coal  tipple  a  landing  platform  is  placed  at  a  height  above  the 
surface  so  that  the  cars  can  be  run  from  the  cage  directly  on  the  trestle 
and  be  delivered  by  gravity  to  the  coal  breaker. 

Steel  Coal  Tipple  for  Gilberton  Shaft.— The  Gilberton  shaft  of  the 
Philadelphia  and  Reading  Coal  and  Iron  Company's  mines,  Gilberton, 
Pa.,  is  1,100  feet  in  depth  and  is  divided  into  four  compartments.  The 
two  compartments  nearest  the  engines  are  used  for  hoisting  water  and 
are  served  by  the  hoisting  engines  nearest  the  shaft.  The  other  two 
compartments  are  ordinarily  used  for  hoisting  coal  and  rock,  although 
in  case  of  emergency  they  can  also  be  used  for  water. 

The  head  frame  is  of  the  4-post  type,  and  is  55  ft.  from  the  top  of 
the  shaft  to  the  center  of  the  back  sheaves,  and  66  ft.  to  the  center  of 
the  front  sheaves.  The  center  of  the  rear  brace  produced  passes 
through  the  centers  of  the  two  pairs  of  sheaves,  which  are  so  located 
that  the  line  of  resultant  pressure  produced  by  the  load  in  the  shaft 
and  the  pull  from  the  engine  falls  slightly  below  this  plane,  thereby 
avoiding  all  overturning  moment  and  throwing  practically  all  the  pres- 
sure produced  by  hoisting  directly  on  the  rear  brace.  The  main  columns 
are  made  of  two  channels  laced,  while  the  bracing  is  stiff  throughout. 
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consisting  of  four  angles  laced  in  I-section.  Detail  plans  of  the  head 
frame  are  given  in  Fig.  1 19. 

The  sheaves  are  14  ft.  in  diameter  with  10  in.  journals,  the  bearings 
resting  on  horses  inclined  to  the  horizontal,  so  that  the  resultant  of  the 
live  load  is  nearly  normal  to  them.  The  hoisting  rope  is  a  crucible 
steel  wire  rope,  2  in.  in  diameter.  The  head  frame  was  designed  for 
a  working  load  of  20  tons  in  each  compartment  of  the  shaft  and  the 
engines  have  a  capacity  for  raising  these  loads  at  a  speed  of  2,300  ft 
per  minute. 

The  head  frame  was  designed  by  W.  L.  Cowles,  M.  Am.  Soc.  C.  E., 
and  was  erected  by  the  Pottsville  Iron  and  Steel  Company  in  1898. 

Steel  Coal  Tipple  for  W.  P.  Rend  Coal  Company.— The  steel  coal 
tipple  for  the  W.  P.  Rend  Coal  Company,  Rendville,  111.,  has  the  head 
frame  structure  and  the  shaking  structure  built  independently.  The 
coal  is  hoisted  in  self -dumping  cages,  the  tipple  being  designed  to  load 
four  tracks,  with  provision  for  four  extra  tracks  on  the  opposite  side 
of  the  center  line  of  the  head  frame.  The  steel  head  frame  is  79  ft. 
6  in.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The 
sheaves  aie  8  ft.  in  diameter  and  carry  a  if  in.  hoisting  cable.  A  general 
view  of  the  steel  framework  of  the  coal  tipple  is  shown  in  Fig.  120, 
while  plans  of  the  tipple  equipment  are  shown  in  Fig.  121.  The  struc- 
tural steel  framework  was  furnished  by  the  Wisconsin  Bridge  &  Iron 
Company,  while  the  tipple  equipment  was  furnished  by  the  Link-Belt 
Company.  The  head  frame  and  shaker  structures  were  duplicates  of 
the  steel  coal  tipple  for  the  Franklin  County  Construction  Company, 
Figs.  122  to  124. 

Operation  of  Coal  Tipple, — ^Detail  plans  of  the  shaking  screens  and 
tipple  equipment  are  shown  in  Fig.  121.  The  coal  is  raised  from  the 
mine  in  self-dumping  cages  and  is  dumped  into  two  weigh  hoppers 
having  a  capacity  of  four  tons  each.  From  the  weigh  hoppers  the  coal 
passes  through  a  dump  chute,  and  may  be  run  directly  into  cars  on  the 
track  or  may  be  run  over  shaking  screens.  The  first  section  of  the 
shaking  screens  is  29  ft.  9  in.  long,  the  top  deck,  having  a  length  of  16 
ft,  has  3i  in.  round  perforations;  the  middle,  having  a  length  of  18 
ft,  has  2  in.  round  perforations,  the  bottom  plate  being  solid.  The 
upper  deck  of  screens  sloping  toward  the  head  frame  has  perforations 
3 J  in.  to  2  in.  round ;  the  second  deck  has  perforations  2  in.  to  f  in. 
round;  the  third  plate  deck  has  perforations  f  in.  round,  the  bottom 
deck  bemg  solid.    The  coal  passing  over  the  2  in.  and  3J  in.  round  per- 
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forations  of  the  main  screen  may  be  run  back  over  the  shaking  screens 
just  described,  or  may  be  run  over  tlie  second  shaking  screen  27  ft.  4  in. 


Fic.  120.    W.  P.  Rend  Coal  Tjpple;  During  Ebection. 

long  and  8  ft.  wide.  This  sha'king  screen  has  a  length  of  8  ft.  with 
perforations  6  in.  in  diameter.  By  making  different  combinations  of 
the  screens  different  grades  of  coal  can  be  obtained,  as  is  shown  in  Fig, 
121.  The  shaking  screens  are  carried  on  rollers  12  in.  in  diameter, 
which  are  operated  by  eccentric  connecting  rods  with  a  12  in.  stroke. 
These  rollers  give  the  shaking  screens  a  mot-on  in  two  directions  and 
give  much  more  satisfactory  results  than  the  earUer  method  of  sus- 
pending the  shaking  screens  from  overhead  supports.  The  capacity  of 
the  tipple  is  2,500  tons  in  eight  hours. 

Steel  Coal  Tipple,  Franklin  County  Construction  Company. — 
The  steel  coal  tipple  shown  in  Fig.  122  to  Fig.  124  was  constructed  by 
the  Wisconsin  Bridge  and  Iron  Company  for  the  Franklin  County  Con- 
struction Company,   Benton,  111,     This  structure   is  almost  an  exact 
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duplicate  of  the  steel  coal  tipple  erected  by  the  same  company  for  the 
W.  P.  Rend  Coal  Company,  Rendville,  111.  The  structure  consists  of 
a  steel  head  frame  and  a  steel  shaker  house,  the  two  structures  being 
entirely  independent  so  that  the  vibrations  in  one  structure  will  not  be 
transferred  to  the  other.  The  steel  head  frame  is  79  ft.  6  in.  high  from 
the  collar  of  the  shaft  to  the  center  of  the  hoisting  sheaves.  The  hoist- 
ing sheaves  are  8  ft.  in  diameter  and  are  placed  parallel.  The  hoisting 
ropes  are  if  in.  in  diameter.    The  hoisting  is  done  in  cotmterbalance 
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Fig.  122.    Foundation  Plan,  Coal  Tipple  for  Franklin  County 

Construction  Company. 


with  self-dumping  cages.  The  steel  head  frame  is  of  a  modified  four- 
post  type,  the  main  sections  being  single  angles.  The  structure  is  very 
fully  braced.  The  weight  of  structural  steel,  including  the  corru- 
gated steel  but  not  including  the  screens,  etc.,  was  for  the  head  frame 
100,000  lbs.,  for  the  shaker  structure  56,000  lbs.,  total  156,000  lbs. 

The  shaker  house  is  placed  at  right  angles  to  the  axis  of  the  head 
frame,  as  is  shown  in  Fig.  122.  The  shaker  house  equipment  is  prac- 
tically a  duplicate  of  the  shaker  house  equipment  of  the  W.  P.  Rend 
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Coal  Company,  shown  in  Fig,  121,  and  was  furnished  by  the  Link-Belt 
Company. 

The  coal  tipple  was  constructed  of  medium  steel  under  Manufac- 
turer's Standard  SpeciScations.     The  minimum  thickness  of  the  metal 
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Fic.  123.    Steel  Coal  Tipple,  Fkanklik  County  Constbuction  Company. 

was  ^  in.  except  for  purlins  and  girts.  The  connections  of  the  main 
tower  and  back  bracing  and  of  the  shaker  structure  were  riveted,  all 
minor  connections  being  bolted.  The  tipple  was  covered  with  No.  22 
gage  corrugated  steel  on  the  roof  and  No.  24  gage  corrugated  steel  on 


;  made  of  white  pine.     The 
.  yellow  pine,  nailed  to  3  in. 
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the  sides.     The  windows  and  doors  a 
floors  and  platforms  were  made  of  3  in. 
spiking  pieces. 

The  coal  tipple  was  designed  for  a  breaking  load  on  one  cable  of 
8a  tons  and  a  working  load  on  each  cable  of  8  tons.  The  roof  was 
designed  for  a  load  of  40  pounds  per  sq.  ft  of  horizontal  projection. 
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The  floors  were  designed  for  a  live  load  of  150  pounds  per  sq,  ft.  For 
the  working  load  the  structure  was  designed  for  15,000  lbs.  per  sq,  in. 
in  tension,  and  15,000  lbs.  per  sq.  in.  reduced  by  a  standard  column 
formula  for  compression.  For  breaking  loads  the  structure  was  de- 
signed for  22,000  lbs.  per  sq.  in.  in  tension  and  22,000  lbs.  per  sq.  in. 
reduced  by  a  standard  column  formula  for  compression. 

The  Cardiff  No.  3  Steel  Tipple.— General  views  of  Cardiff  No.  2 
steel  coal  tipple,  built  by  the  Cardiff  Coal  Company,  are  shown  in  Fig. 
125  and  Fig.  126;  while  general  detail  drawings  are  shown  in  Fig.  127. 
The  steel  head  frame  is  of  the  A-type  and  is  built  with  the  hoisting 
engines  at  right  angles  to  the  main  axis  of  the  coal  tipple.     The  legs 
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of  the  head  frame  arc  approximately  50  ft.  apart  at  the  bottom.  The 
head  frame  is  65  ft.  9  in.  and  74  ft.  3  in.  from  the  top  of  the  shaft  to 
the  centers  of  the  sheaves.    The  bracing  consists  of  struts  inclined 


Fic.  125.    Cakdlff  Coal  Tipple. 


Fig.  126,    CARcrFF  Coal  Tipple;  Dl-rfng  Ekection, 

from  the  base  to  an  apex  at  the  center  of  the  platform  and  again  from 
the  edges  of  the  platform  to  the  sheave  deck.  A  second  A-frame  holds 
the  sheaves.     The  feet  of  the  tower  are  securely  anchored  to  concrete 
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piers  of  sufficient  weight  to  take  care  of  any  possible  uplift,  and  are 
connected  across  by  heavy  rods  imbedded  in  concrete.  The  sheaves  are 
ID  ft  in  diameter  and  carry  hoisting  ropes  if  in.  in  diameter  of  extra, 
crucible  steel  and  having  a  breaking  load  of  78  tons.  The  weight  o£ 
the  structural  steel,  including  the  corrugated  steel,  w'as  180,000  lbs. 


Ficl  128.    Plan  op  Tippu  Tkacks,  Caxdiff  Coal  Tn>PLK. 

The  plans  of  the  tracks  in  the  Cardiflf  Xo.  2  tipple  are  shown  in  Fig. 
128.  The  coal  cars  are  hoisted  on  a  double  deck  cage  to  the  floor  of 
the  dumping  tracks  at  an  elevation  of  33  ft.  2i  in.  The  loaded  cars 
are  then  shoved  off  the  cage,  and  may  be  run  over  either  one  of  the 
three  Phillips  cross-over  tipple  dumps.  The  two  upper  tracks  empty 
into  coal  hoppers,  from  which  the  coal  passes  to  the  shaking  screens  or 
to  the  cars  for  shipment  The  lower  or  left  hand  track  dumps  mine 
run  coal  or  dirt  into  a  chute,  as  shown  in  Fig,  128.  The  empty  cars 
are  returned  on  the  upper  track  by  means  of  a  chain  car  lift  and  are 
run  on  the  cage  by  gravity.  The  tipple  has  a  capacity  of  1,800  to  2,000 
tons  per  day. 

Steel  Coal  Tipple  at  Spring  Valley  Shaft  No.  5-— The  steel  coal 
tipple  constructed  at  Spring  Valley  shaft  No.  5,  Spring  Valley,  Illinois, 
is  one  of  the  best  examples  of  steel  tipple  construction  for  bituminous 
mines.  The  steel  tipple  building  is  187  ft.  long,  36  ft.  wide  and  35  ft. 
from  the  track  level  to  the  level  part  of  the  main  tipple  floor.  The  steel 
head  frame  is  75  ft.  and  85  ft,  6  in.  from  the  track  level  to  the  centers 
of  the  sheaves,  respectively.  The  sheaves  are  10  ft.  in  diameter  and 
are  placed  tandem  with  the  hoisting  rope,  and  at  right  angles  to  the 
axis  of  the  main  tipple  building.  The  hoisting  rope  is  crucible  steel 
if  in,  in  diameter.     The  steel  tipple  building  and  head  frame  are  cov- 
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ered  with  No.  i8  galvanized  corrugated  steel  carried  on  steel  purlins. 
Detail  plans  of  the  tipple  structure  are  given  in  Fig.  129  and  of  the 
head  frame  in  Fig.  130.     The  head  frame  and  tipple  building  are  fully 
braced  and  make  a  very  rigid  structure.    The  main  track  floor  of  the 
tipple  is  level  over  the  first  five  panels  on  the  left  of  the  structure,  the 
remainder  of  the  floor  having  a  pitch  of  4  in.  in  17  ft.     The  tipple  floor 
is  covered  with  4  in.  planking  spiked  to  4  in.  nailing  strips  which  are 
carried  on  I-beam  joists.     The  weight  of  the  structural  steel,  including 
the  corrugated  steel  but  not  including  tipple  equipment,  was  415,530  lbs. 
Operation  of  Tipple,— The,  detail  track  plan  is  shown  in  Fig.  131 ; 
the  operation  of  the  Ramsey  transfer  is  shown  in  Fig.  132,  and  the 
arrangement  of  the  shaking  bar  screens  is  shown  in  Fig.  133.    Two 
coal  cars  containing  i|  tons  each  are  hoisted  on  the  shaft  cage.     The 
loaded  cars  are  pushed  off  the  cage  and  two  empty  cars  are  pushed  on 
the  cage  by  means  of  a  steam  pusher,  as  shown  in  Fig.  132.     From  the 
cage  platform  the  loaded  cars  run  by  gravity  on  a  i^  per  cent  grade  to 
the  dumps,  where  the  coal  is  dumped  by  Phillips  automatic  tipples  or 
dumps.    After  dumping,  the  cars  pass  to  the  right  by  gravity  on  the 
10  per  cent  descending  grade  and  are  stopped  by  a  2  per  cent  ascending 
grade  and  a  short  piece  of  track.     The  cars  then  return  by  gravity,  and 
may  either  be  switched  to  the  outside  tracks  or  run  back  on  the  transfer 
tracks.     The  empty  cars  are  run  on  the  platform  of  the  Ramsey  trans- 
fer and  are  raised  by  a  steam  cylinder  a  height  of  4  ft.  7  in.  to  the  level 
of  the  floor  of  the  shaft  cage,  and  are  ready  to  be  shoved  on  the  cage 
by  the  steam  pusher. 

The  coal  is  dumped  by  the  Phillips  tipple  dumps  into  one  of  two 
weigh  hoppers  5  ft.  wide,  as  shown  in  Fig.  133.  After  the  coal  is 
weighed  it  runs  out  of  the  weigh  hopper  on  a  converging  chute  having 
a  slope  of  30  degrees  with  the  horizontal.  From  the  converging' 
chute  the  coal  runs  over  shaking  bar  screens  6  ft.  6  in.  wide,  the 
bars  being  placed  J  in.  apart.  The  fine  coal  passing  through  this 
screen  runs  over  a  f  in.  shaking  bar  screen  and  is  chuted  into  the  cars. 
The  slack  passing  through  the  f  in.  bar  screen  is  run  directly  into  the 
cars.  From  the  |  in.  shaking  bar  screen  the  lump  coal  passes  through 
a  converging  chute  and  over  a  bar  screen  5  ft.  6  in.  wide  with  the  bars 
spaced  5  in.  apart,  from  which  the  lump  coal  is  run  into  cars.  It  will 
be  noted  that  five  grades  of  coal  are  obtained :  mine  run  coal ;  lump  coal 
passing  over  the  5  in.  screen ;  coal  passing  the  5  in.  screen  and  retained 
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on  a  ^  in.  screen ;  nut  coal  passing  a  |  in.  screen  and  retained  on  a  $  in. 
screen,  and  slack. 

The  capacity  of  the  coal  tipple  is  from  l,8oo  to  2,000  tons  per  day. 
The  tipple  was  designed  by  Mr.  W.  Morava,  Consulting  Engineer, 
Chicago,  111.,  and  was  built  by  the  American  Bridge  Company  in  1900. 

Steel  Coal  Tipple  for  the  Alberta  Railway  and  Irrigation  Com- 
pany.— The  steel  coal  tipple  of  the  Alberta  Railway  &  Irrigation  Com- 
pany at  Lcthbridge,  Alberta,  has  a  total  daily  capacity  of  1,600  tons  of 
coal.     A  general  view  of  the  coal  tipple  is  shown  in  Fig.  134,  and  of 


Fic.  134.    Coal  Tipple  for  Alberta  Railway  &  Irrigation  Co. 

the  Steel  head  frame  in  Fig,  135.  The  head  frame  is  of  the  A-type, 
and  is  supported  on  four  colunms  spaced  24  ft.  7  in.  The  head  frame 
is  83  ft.  high  from  the  collar  of  the  shaft  to  the  center  of  the  lower 
sheaves,  and  95  ft.  to  the  center  of  the  higher  sheaves.  The  sheaves 
are  12  ft  in  diameter  and  carry  hoisting  ropes  ij  in.  in  diameter.  The 
structural  steel  was  furnished  by  the  Wisconsin  Bridge  &  Iron  Com- 
pany. The  total  weight  of  structural  stee!,  including  corrugated  steel, 
is  500,000  lbs.  The  operation  of  the  coal  tipple  is  shown  in  Fig.  136. 
The  details  of  the  equipment  were  worked  out  very  carefully  by  the 
Link-Belt  Company,  and  are  worthy  of  careful  study. 

Operation  of  Coal  Tipple. — Referring  to  Fig.  136,  it  will  be  seen 
that  the  coal  is  hoisted  from  the  double  compartment  shaft  in  cages 
containing  two  cars.  A  sketch  of  the  mine  cars  is  shown  in  Fig.  136. 
The  cars  weigh  2,000  lbs.  empty,  4,800  lbs.  when  loaded  with  coal,  and 
6,000  lbs.  when  loaded  with  rock.  In  calculating  the  capacity  of  the 
mine  each  car  was  assumed  to  contain  44  cu,  ft,  or  i.i  tons  of  coal. 
After  the  cars  reach  the  level  of  the  tipple  floor  the  loaded  cars  are 
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pushed  off  the  cage  and  the  empty  cars  are  pushed  on  the  cage  from 
the  transfer  truck  by  means  of  a  pusher  cylinder.     The  loaded  car 


Fic.  135.    Coal  Tipple  fob  Alberta  Railway  &  Irrigation  Ca ; 
Dun  KG  Erection. 

then  runs  by  gravity  on  a  1}  per  cent  downward  grade  to  the  car  dump. 
After  the  cars  are  dumped  they  continue  downward  for  a  distance  of 
ty  ft.  on  a  12J  per  cent  grade,  then  14  ft.  2  in.  on  a  2  per  cent  upward 
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grade,  and  are  stopped  by  a  curve  with  a  i6  ft.  vertical  radius.  The 
cars  then  return  on  the  outside  track  by  gravity  on  a  2  per  cent  down- 
ward grade  to  the  transfer  track,  where  they  are  lifted  S  ft.  J  in.  by 
means  of  a  Ramsey  transfer  truck.  The  Ramsey  transfer  truck  is 
operated  by  a  steam  cylinder,  as  shown  in  section  A-A,  Fig.  136. 

After  the  coal  is  dumped  it  may  be  run  through  chutes  directly 
into  the  rock  bin,  or  may  be  passed  over  shaking  bar  screens.  The  poor 
coal  or  rock  is  run  into  a  rock  bin  with  a  capacity  of  1,200  cu.  ft.  The 
rock  may  be  drawn  from  this  bin  through  a  24  in.  by  24  in.  gate  directly 
into  a  rock  car,  from  which  it  is  hauled  to  the  dump,  or  it  may  be  fed 
through  a  24  in.  by  24  in.  reciprocal  feeder  with  a  capacity  of  2,000 
cu.  ft.  per  hour,  on  a  24  in.  refuse  conveyor  with  a  capacity  of  50  tons 
per  hour  at  a  speed  of  75  ft.  per  minute. 

The  good  coal  is  run  from  the  dump  over  two  shaking  bar  screens 
6  ft.  by  12  ft.  with  f  in.  spaces,  having  a  capacity  of  200  tons  per  hour 
with  20  per  cent  passing  the  two  bar  screens.  The  shaking  bar  screens 
are  set  at  a  slope  of  26  degrees  with  the  horizontal.  From  the  two 
shaking  bar  screens  the  coal  runs  into  two  weigh  boxes  with  a  capacity 
of  0.88  ton  each;  the  slope  of  the  bottom  is  25  degrees  before  re- 
leasing the  weigh  box  and  37  degrees  after  releasing  the  weigh  box. 
From  the  weigh  boxes  the  coal  runs  into  two  hoppers,  the  bottoms 
of  which  contain  bar  screens  of  5  ft.  X  6  ft.  with  i  in.  spaces,  set  at 
angles  of  42  degrees  with  the  horizontal.  From  the  hoppers  the  coal 
is  fed  through  two  24  in.  X  36  in.  reciprocal  feeders  to  the  picking 
table.  The  two  picking  tables  are  made  of  belts  48  in.  wide,  and  have 
a  capacity  of  114  tons  each  per  hour,  carrying  coal  6  in.  deep  and  run 
at  the  rate  of  40  ft.  per  minute.  In  the  design  the  picking  tables  were 
assumed  to  run  seven  tenths  of  the  time  on  account  of  incidental  stops 
due  to  shifting  cars.  The  stone  and  slate  from  the  coal  Is  taken  from 
the  picking  table  and  placed  on  the  refuse  conveyor  which  carries  it 
into  a  refuse  bin  with  a  capacity  of  1,400  cu.  ft.  The  refuse  is  drawn 
from  the  refuse  bin  into  cars  through  a  spout  having  a  slope  of  45 
degrees.  The  lump  coal  which  has  passed  over  the  J  in.  bar  screens 
is  run  over  the  picking  table  and  through  chutes  into  cars.  Cars  may 
be  loaded  at  the  rate  of  one  car  in  ten  minutes,  three  minutes  of  which 
is  taken  up  in  shifting  the  cars. 

The  slack  passing  through  the  f  in.  bar  screens  placed  above  the 
weigh  box  runs  through  spouts  on  5  ft.  X  14  ft.  shaking  bar  screens 
with  i  in.  spaces,  and  then  over  5  ft.  X  10  ft.  shaking  bar  screens  with 
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i  in.  spaces.  Both  of  these  shaking  screens  have  a  slope  of  3  in.  in 
12  in.,  and  are  driven  at  a  speed  of  100  strokes  per  minute.  The  slack 
passing  through  the  J  in.  bar  screen  runs  through  a  chute,  havirig  a 
minimum  angle  with  the  horizontal  of  45  degrees,  to  a  slack  elevator 
inclined  at  an  angle  of  60  degrees  with  horizontal,  and  having  a  capacity 
of  30  tons  per  hour  when  running  with  a  speed  of  100  ft.  per  minute. 
The  slack  passing  through  i  in.  bar  screens  may  also  be  run  directly 
into  the  slack  car.  The  slack  passing  through  the  i  in.  bar  screens, 
placed  in  the  bottom  of  the  main  hopper,  is  chuted  directly  into  the 
slack  car. 

In  hoisting,  the  tipple  has  an  actual  storage  on  the  tipple  floor  of 
15J  tons.  The  rate  of  hoisting  is  200  tons  per  hour,  which  requires  3 
cars  or  3.3  tons  per  minute.  The  storage  is  therefore  sufficient  for  4f 
minutes  run.  Twenty  per  cent  of  the  coal  hoisted  goes  through  the 
gravity  screens,  leaving  160  tons  per  hour  or  2.7  tons  per  minute  to  go 
to  the  lump  coal  track.  At  2,'^  tons  per  minute  a  27-ton  railroad  car 
can  be  loaded  in  ten  minutes,  assummg  that  three  minutes  is  taken  up 
in  shifting  cars,  a  27-ton  car  must  actually  be  loaded  in  seven  minutes. 
If  the  dump  and  picking  tables  are  stopped  while  the  cars  are  being 
shifted,  their  capacity  while  running  is  3.8  tons  per  minute,  or  228 
tons  per  hour. 

Steel  Coal  Tipple  for  Empire  Coal  and  Coke  Company.* — The 

steel  coal  tipple  built  by  the  Jeffrey  Manufacturing  Company  for  the 
Empire  Coal  and  Coke  Company  at  Landgraff,  W.  Va.,  is  shown  in 
Fig.  137  to  Fig.  141. 

Operation  of  Coal  Tipple, — The  coal  is  brought  from  the  mine  in 
mine  cars  and  is  dumped  by  means  of  two  Phillip's  cross-over  dumps 
into  a  receiving  hopper  in  the  tipple  house  having  a  capacity  of  10  tons. 
From  the  receiving  hopper  the  coal  is  fed  into  a  steel  plate  conveyor 
by  an  automatic  plate  feeder.  The  conveyor  is  of  the  scraper  type, 
and  is  129  ft.  long  with  a  descending  grade  of  4J  degrees.  The  scrapers 
or  flights  are  12  in.  high  by  5  ft.  wide,  are  spaced  3  ft.  apart,  and  are 
carried  by  two  strands  of  steel-thimble  roller  chain.  The  conveyor 
trough  is  made  of  f  in.  flange  steel.  The  conveyor  is  shown  in 
Fig.  140  a. 

The  scraper  conveyor  delivers  the  coal  to  the  shaking  screens,  four 
in  number.  Three  of  the  screens  are  in  line  and  pass  the  coal  to  the 
picking  tables,  while  the  fourth  screen  is  placed  beneath  the  second  and 

*  Engineering  and  Mining  Journal,  August  20,  1910. 
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third  screens.  The  first  screen  is  8  ft  wide  by  34  ft.  long,  with  26  ft 
of  Jeffrey  cross-patent  flange  lipped  screens,  which  removes  the  slack 
and  fine  coal  and  passes  the  lump  coal  to  the  picking  tables.  The 
second  screen  is  8  ft,  wide  by  17  ft.  long  with  14  ft.  of  perforations  for 
separating  egg  coal.  Both  the  first  and  second  screens  are  fitted  with 
veils  for  handling  mine  run  coal  when  the  slack  is  not  to  be  removed. 
The  third  screen  is  a  shaking  chute  transferring  the  lump  coal  from  the 
second  screen  to  the  picking  tables.  Screen  3  makes  nut  coal,  which 
passes  to  a  revolving  screen. 


Ftc.  137.    Steel  Coal  Tipple  for  Empibe  Coal  and  Coke  Company. 

From  the  shaking  screens  the  coal  is  run  over  the  picking  tables, 
Fig.  140'b  and  Fig.  141,  where  the  slate,  sulphur,  bone,  and  other  refuse 
is  picked  out.  The  picking  tables  are  constructed  as  metal  apron  con- 
veyors, and  consist  o£  double  beaded  flights  mounted  on  two  strands 
of  chain  operating  at  a  speed  of  25  to  50  ft,  per  minute.  The  picking 
tables  are  provided  with  adjustable  loading  booms  to  prevent  breakage. 
The  slack  is  stored  in  the  slack  storage  bin,  and  the  pulverized  coal  is 
carried  to  the  pulverized  coal  storage  bin.  Fig.  139.  The  pulverized 
coal  is  fed  directly  into  coke  ovens  by  larries.  The  different  grades  of 
coal  may  be  mixed  automatically  if  desired.  The  Pocahontas  coal  is 
very  fragile  and  great  care  is  used  to  prevent  breakage. 
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Steel  Scbapeh  Cokveyor,  Empire  Steel  Coal  Tipple 


Fic.  140  b.    Shaking  Screens  Discharging  on  Picking  Tables, 
EuPutE  Steel  Coal  Tipple. 


PHILLIPS   COAL  TIPPLE. 


The  plant  was  designed  to  handle  350  tons  per  hour  at  a  slow  speed, 
or  750  tons  per  hour  at  a  high  speed.  The  screens  can  handle  750  tons 
per  hour  with  92  revolutions  of  the  eccentric  shaft  per  minute. 


Fig.  141.    Steel  Picking  Tables,  Empire  Steel  Coal  Tipple. 

Design  of  Coal  Tipple. — The  entire  structure  is  built  of  structural 
steel  and  is  covered  with  corrugated  steel.  The  shakin|^  screens  are 
supported  by  a  separate  structure  which  does  not  come  in  contact  with 
the  main  building.  The  shaker  house  is  entirely  separate  from  the 
remainder  of  the  structure.  The  shaking  screen  supports  were  made 
very  rigid  to  reduce  the  vibrations. 

The  bms  are  made  of  steel  plates  and  are  lined  with  a  3  in.  layer 
of  Portland  cement  plaster  reinforced  with  expanded  metal.  The  ex- 
panded metal  was  wired  to  metal  studs  which  were  fastened  to  the 
bin  plates. 

Steel  Coal  Tipple  for  the  Phillips  Mine.— The  steel  coal  tipple  at 
the  Phillips  mine  of  the  H.  C.  Frick  Coke  Company  is  an  excellent 
example  of  a  modern  coal  tipple  for  handling  bituminous  coal.  A  gen- 
eral view  is  shown  in  Fig.  142  and  detail  plans  of  the  coal  tipple  are 
shown  in  Fig.  143.  The  steel  head  frame  is  of  the  4-post  type,  and  is 
107  ft.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.     The 
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main  tower  of  the  head  frame  has  six  posts  made  of  4  Z's  3"  X  2^" 
X  S"  with  one  plate  6"  X  §"•  The  back  braces  consist  of  three  columns 
having  the  same  section  as  the  main  posts.  The  head  frame  is  fully 
cross-braced  with  angle  struts,  as  shown  in  Figs.  142  and  143.  The 
batter  of  the  main  tower  columns  is  i  in.  in  12  in,,  while  the  back  brace 


Fig.  142.    Coal  Tipple  pok  Phillips  Mine;  Bun.T  by  Amebican  Bridge  Co. 

makes  an  angle  of  30  degrees  with  the  vertical.  The  sheaves  are  10 
ft.  in  diameter  and  are  supported  on  I-beams,  resting  at  the  end  nearest 
the  engine  house  on  a  built-up  frame  of  angles  and  plates  carried  on 
two  15"  I-beams,  so  as  to  make  the  necessary  clearance  for  the  sheaves. 
The  roof  trusses  above  the  sheaves  carry  two  I-beams,  on  the  lower 
flanges  of  which  are  trolleys  arranged  for  the  attachment  of  chain 
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Side  [nvATiori 

Fig.  144  2l    Details  of  Self-dumping  Cage. 

blocks  for  placing  and  replacing  the  sheaves.     The  shipping  weight  of 
structural  steel,  including  the  corrugated  steel,  was  569,500  lbs. 
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The  coal  is  hoisted  in  self -dumping  cages  which  dump  the  coal  into 
distributing  chutes,  in  which  it  runs  by  gravity  to  the  bins  having  a 
capacity  of  800  tons.  The  coal,  being  all  used  for  making  coke,  is  not 
screened  or  weighed. 


PLAfl AT  nR5T  FLOOR 
Fig.  144  c.    Details  of  Self-dumping  Cage. 


The  storage  bins  are  built  with  a  steel  framework  and  are  lined  with 
\  in.  buckle  plates  on  the  sides,  and  have  a  f  in.  plate  floor.  The  sides 
are  supported  by  the  15"  I-beams  @  42  lbs.,  spaced  3  ft.  5 J  in.  center 
to  center.  The  inclined  bottom  framing  consists  of  girders  having 
48  in.  X  f  in.  web  plates  and  flanges  composed  of  two  angles  6"  X  6" 
X  A">  and  are  tied  together  with  ties  consisting  of  two  angles  8"  X  8" 
X  f"  and  one  plate  17  in.  X  \  in.  at  the  bottom,  and  15"  I-beams  @  42 
lbs.  at  the  top,  the  girders  being  spaced  3  ft.  sJ  in.  center  to  center. 
The  main  side  girders  are  composed  of  two  I-beams  15"  @  42  lbs.,  and 
one  channel  15"  @  33  lbs.  The  f  in.  plate  floor  is  carried  on  12" 
I-beams  spaced  about  i'  6"  centers.  The  steel  plate  floor  is  placed  at 
a  slope  of  8  in.  in  12  in.,  and  it  is  stated  that  95  per  cent  of  the  coal  can 
be  withdrawn  from  the  bin.     The  bins  discharge  through  vertical  gates 
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in  the  sides  into  motor-driven  larries,  which  run  to  the  coke  ovens. 
The  vertical  gates  are  raised  by  rack  and  pinion  and  chain  wheels. 

Structural  steel  used  in  coal  tipples  for  coking  plants  is  especially 
liable  to  corrosion.    Many  of  the  shafts  having  head  frames  are  "  up- 
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Fig.  144  d.    Details  of  Tipping  Guides  for  Self-dumping  Cage. 


casts,"  and  the  air  coming  from  these  shafts  is  generally  warmer  than 
the  outside  air  and  carries  considerable  moisture  and  diluted  gases.  In 
order  to  make  a  structure  anything  like  permanent  the  metal  should 
have  a  minimum  thickness  of  -f^  in.     In  the  Phillips  coal  tipple  the 
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main  members  have  a  minimum  thickness  of  f  in.  in  all  members  carry- 
ing stress  to  allow  for  corrosion.  In  this  way  it  is  assumed  that  the 
life  of  the  steel  coal  tipple,  which  in  this  region  has  been  approximately 
IS  years  for  steel  structures  designed  with  J  in.  metal,  will  be  very 
much  increased.  The  steel  used  in  this  coal  tipple  is  medium  open 
hearth  steel,  manufactured  under  standard  specifications.  The  steel 
was  painted  with  one  coat  of  graphite  paint  in  the  shop  and  with  one 
coat  of  graphite  paint  after  erection. 

The  mine  buildings  at  this  plant  have  walls  of  hard  burned  brick 
laid  in  cement-lime  mortar,  the  roofs  are  carried  on  steel  fink  trusses 
and  are  covered  with  No.  i  ribbon  Bangor  slates  fastened  with  copper 
nails  and  flashed  with  i6  oz.  copper,  and  laid  on  beaded  pine  sheathing. 
The  floor  of  the  boiler  house  is  made  of  12  in.  X  12  in.  clay  oven  tile, 
laid  on  a  6  in.  foundation  of  fine  coke  ash,  the  joints  being  grouted  with 
cement  mortar. 

The  hoisting  rope  is  if  in.  crucible  cast  steel;  depth  of  shaft,  268 
feet ;  height  of  dumping  point  above  the  surface,  80  feet ;  distance  from 
center  of  drum  to  center  of  shaft,  84  ft.  5J  in.  The  mine  cars  are 
steel,  with  a  capacity  of  fifty  bushels  of  coal,  and  are  hauled  to  the 
bottom  of  the  shaft  by  one  lo-ton  and  two  12-ton  compressed  air  loco- 
motives; the  locomotives  being  charged  from  a  pipe  line  carrying  a 
pressure  of  1,000  pounds  per  sq.  in. 

Self-dumping  Cages. — ^The  self-dumping  cages  used  in  the  Phillips 
mine  are  shown  in  Fig.  144  a  to  144  c.  The  mine  cars  have  a  gage  of 
3  ft.  6  in.,  and  a  capacity  of  50  bushels  of  coal.  The  details  of  the 
tipping  guides  are  shown  in  Fig.  144  d ;  the  details  of  the  landers  are 
shown  in  Fig.  144  e.  The  details  of  the  operation  of  the  self-dumping 
cages  may  be  followed  by  studying  the  detail  plans.  The  self-dumping 
cage  just  described  is  the  standard  cage  of  the  H.  C.  Frick  Coke 
Company. 

A  general  view  of  the  Filbert  steel  tipple  is  shown  in  Fig.  16  and 
Fig.  17. 

A  Timber  Coal  Tipple. — The  detail  plans  of  a  timber  coal  tipple 
designed  for  the  Consolidated  Coal  Co.,  CoUinsville,  111.,  by  the  Link 
Belt  Machinery  Co.,  is  shown  in  Fig.  144  f,  and  the  tipple  equipment 
is  shown  in  Fig.  144  g.  The  head  frame  is  65  ft.  6  in.  from  the  collar 
of  the  shaft  to  the  center  of  the  sheaves,  which  are  8  ft.  in  diameter. 
The  main  members  of  the  head  frame  are  made  of  2  pieces  6"  X  12", 
bolted  together  with  f  in.  bolts  as  shown ;  and  the  bracing  is  made  of 
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pieces  t"  X  12''.  The  columns  for  the  shaker  building  are  made  of 
8"  X  8"  timbers.  The  girts  are  2"  X  4",  while  the  purlins  are  2"  X  6". 
The  structure  is  covered  on  the  roof  and  sides  with  No  22  galvanized 
corrugated  steel  nailed  to  the  purlins  and  girts  with  8  d.  barbed  roof- 
ing nails. 

The  shaking  screens  are  carried  on  an  independent  structure,  as 
shown  in  Fig.  144  g.  The  main  members  of  the  shaker  structure  are 
made  of  12*^  X  12''  timbers,  fully  braced  as  shown.  The  coal  is  raised 
in  self-dumping  cages  and  is  dumped  into  a  3-ton  weigh  box,  from 
which  it  runs  over  the  shaking  screens.  The  screens  are  carried  on 
rollers  and  are  driven  by  eccentrics.  The  shaking  screens  are  set  at  a 
slope  of  3^  in.  in  12  in. 


PART  11. 

THE  DESIGN  OF  MINE  BUILDINGS. 

Introduction. — This  part  of  the  book  includes  a  brief  discussion  of 
the  design  ojE  roof  trusses,  steel  frame  buildings,  bins  and  retaining 
walls,  and  the  design  of  miscellaneous  mine  structures  including  coal 
washers  and  coal  breakers.  The  treatment  of  steel  frame  buildings 
and  bins  is  necessarily  brief,  the  reader  being  referred  to  the  author's 
"  The  Design  of  Steel  Mill  Buildings  "  and  "  The  Design  of  Walls,  Bins 
and  Grain  Elevators  "  for  a  more  complete  treatment.  Data  on  design 
of  mine  buildings  will  be  found  in  Chapter  XIV,  and  also  in  "The 
Specifications  for  Steel  Mine  Structures  "  in  Appendix  I. 
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CHAPTER  VIII. 
Stresses  in  Roof  Trusses  and  Frame  Structures. 

STRESSES  IN  ROOF  TRUSSES.  Loads,— The  stresses  in 
roof  trusses  are  due  to  (i)  the  dead  load,  (2)  the  snow  load,  (3)  the 
wind  load,  and  (4)  concentrated  and  moving  loads.  Data  for  dead 
loads,  snow  loads,  wind  loads,  crane  loads  and  other  loads  to  be  carried 
on  roof  trusses  are  given  in  "  The  Specifications  for  Steel  Mine  Struc-, 
tures  "  in  Appendix  I.  The  loads  on  roof  trusses  are  commonly  given 
as  a  certain  number  of  lbs.  per  sq.  ft.  of  horizontal  projection  of  the 
roof.  The  loads  are  assumed  to  be  transferred  to  the  truss  by  means 
of  purlins  acting  as  simple  beams,  the  joint  loads  being  equal  to  the 
purlin  reactions. 

Methods  of  Calculation. — ^The  determination  of  the  reactions  of 
simple  framed  structures  usually  requires  the  use  of  the  three  funda- 
mental equations  of  equilibrium 

2  horizontal  components  of  forces     ^o  (a) 

2  vertical  components  of  forces         =0  (&) 

S  moments  of  forces  about  any  point  =  0  (c) 

Having  completely  determined  the  external  forces,  the  internal 
stresses  may  be  obtained  by  either  equations  (a)  and  (fe)  (resolution), 
or  equation  (c)  (moments).  These  equations  may  be  solved  by 
graphics  or  by  algebra.  There  are,  therefore,  four  methods  of  calcu- 
lating stresses : 

Graphic  Method 

Algebraic  Method 

^,  ^_  ( Graphic  Method 

Moments  of  Forces  J  .-    ,     .    ,,  ,,     , 

j  Algebraic  Method 

The  stresses  in  any  simple  framed  structure  can  be  calculated  by 
using  any  one  of  the  four  methods.    The  method  of  calculating  the 
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stresses  in  roof  trusses  by  means  of  graphic  resolution  will  be  explained 
in  detail.  For  the  calculation  of  the  stresses  in  roof  trusses  and  other 
framed  structures  by  algebraic  resolution  and  by  algebraic  and  graphic 
moments  the  reader  is  referred  to  the  author's  "  The  Design  of  Steel 
Mill  Buildings/*  The  stresses  in  a  portal  and  a  trestle  bent  are  calcu- 
lated both  by  graphic  resolution  and  algebraic  moments  in  Fig.  153 
and  Fig.  154,  respectively;  while  the  stresses  in  a  roof  truss  are  calcu- 
lated in  Fig.  156  b,  both  by  graphic  and  algebraic  resolution. 

Graphic  Resolution. — In  Fig.  145  the  reactions  R^  and  R^  are 
,  found  by  means  of  the  force  and  equilibrium  polygons  as  shown  in  (ft) 
and  (a).  The  principle  of  the  force  polygon  is  then  applied  to  each 
joint  of  the  structure  in  turn.  Beginning  at  the  joint  L^,  the  forces 
are  shown  in  (c),  and  the  force  triangle  in  (d).  The  reaction  Ri  is 
known  and  acts  up,  the  upper  chord  stress  i-x^  acts  downward  to  the 
left,  and  the  lower  chord  stress  i-y  acts  to  the  right,  closing  the  poly- 
gon. Stress  i-x^  is  compression  and  stress  i-y  is  tension,  as  can  be 
seen  by  applying  the  arrows  to  the  members  in  (c).  The  force  polygon 
at  joint  C/i  is  then  constructed  as  in  (/).  Stress  i-jt^  acting  toward 
joint  Ui  and  load  Pj  acting  downward  are  known,  and  stresses  1-2  and 
2-x  are  found  by  completing  the  polygon.  Stresses  2-jr^and  1-2  are 
compression.  The  force  polygons  at  joints  L^  and  C/j  are  constructed, 
in  the  order  given,  in  the  same  manner.  The  known  forces  at  any 
joint  are  indicated  in  direction  in  the  force  polygon  by  double  arrows, 
and  the  unknown  forces  are  indicated  in  direction  by  single  arrows. 

The  stresses  in  the  members  of  the  right  segment  of  the  truss  are 
the  same  as  in  the  left,  and  the  force  polygons  are,  therefore,  not  con- 
structed for  the  right  segment.  The  force  polygons  for  all  the  joints 
of  the  truss  are  grouped  into  the  stress  diagram  shown  in  (k).  Com- 
pression in  the  stress  diagram  and  truss  is  indicated  by  arrows  acting 
toward  the  ends  of  the  stress  lines  and  toward  the  joints,  respectively, 
and  tension  is  indicated  by  arrows  acting  away  from  the  ends  of  the 
stress  lines  and  away  from  the  joints,  respectively.  The  first  time  a 
stress  is  used  a  single  arrow,  and  the  second  time  the  stress  is  used  a 
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double  arrow  is  used  to  indicate  direction.  The  stress  diagram  in  (&) 
Fig.  145  is  called  a  Maxwell  diagram  or  a  reciprocal  polygon  diagram, 
I.  e.,  areas  in  the  truss  diagram  become  points  in  the  stress  diagram. 
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The  notation  used  is  known  as  Bow's  notation.  The  method  of  graphic 
resolution  is  the  method  most  commonly  used  for  calculating  stresses  in 
roof  trusses  and  in  simple  framed  structures  with  inclined  chords. 
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Loads. — Data  for  loads  are  given  in  ''  Specifications  for  Steel  Mine 
Structures,"  Appendix  I.  A  formula  for  weights  of  steel  trusses  is 
given  in  §  13 ;  snow  loads  are  given  in  §  19 ;  wind  loads  are  given  in 
§20;  and  weights  of  roof  covering  are  given  in  §14  to  §18.  The 
weights  of  cranes  are  given  in  Table  XXVIII  and  Table  XXIX, 
Chapter  XIV. 

Dead  Load  Stresses. — The  dead  load  is  made  up  of  the  weight  of 
the  truss  and  the  roof  covering,  and  is  usually  considered  as  applied  at 
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Fig.  146.    Dead  Load  Stress  Diagram. 

the  panel  points  of  the  upper  chords  in  computing  stresses  in  roof 
trusses.  If  the  purlins  do  not  come  at  the  panel  points,  the  upper 
chord  will  have  to  be  designed  for  direct  stress  and  stress  due  to  flexure. 

The  stresses  in  a  Fink  truss  due  to  dead  loads  are  calculated  by 
graphic  resolution  in  Fig.  146. 

The  loads  are  laid  off,  the  reactions  found,  and  the  stresses  calcu- 
lated beginning  at  joint  L^,  as  explained  in  Fig.  145.  The  stress  diagram 
for  the  right  half  of  the  truss  need  not  be  drawn  where  the  truss  and 
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loads  are  symmetrical  as  in  Fig.  146;  however,  it  gives  a  check  on  the 
accuracy  of  the  work  and  is  well  worth  the  extra  time  required.  The 
loads  Pi  on  the  abutments  have  no  effect  on  the  stresses  in  the  truss, 
and  may  be  omitted  in  this  solution. 

In  calculating  the  stresses  at  joint  P,,  the  stresses  in  the  members 
3-4,  4-5  and  jr-5  are  unknown,  and  the  solution  appears  to  be  inde- 
terminate. The  solution  is  easily  made  by  cutting  out  members  4-5 
and  5-6,  and  replacing  them  with  the  dotted  member  shown.  The 
stresses  in  the  members  in  the  modified  truss  are  now  obtained  up  to 
and  including  stresses  6-x  and  6-7.  Since  the  stresses  6-x  and  6-7 
are  independent  of  the  form  of  the  framework  to  the  left,  as  can 
easily  be  seen  by  cutting  a  section  through  the  members  6-x,  6-7 
and  7—3',  the  solution  can  be  carried  back  and  the  apparent  ambiguity 
removed.  The  ambiguity  can  also  be  removed  by  calculating  the  stress 
in  7-y  by  algebraic  moments  and  substituting  it  in  the  stress  diagram. 
It  will  be  noted  that  all  top  chord  members  are  in  compression  and  all 
bottom  chord  members  are  in  tension. 

Dead  and  Ceiling  Load  Stresses. — ^The  stresses  in  a  triangular 
Pratt  truss  due  to  dead  and  ceiling  loads,  are  calculated  by  graphic 
resolution  in  Fig.  147. 

For  simplicity  the  stresses  are  shown  for  one  side  only.  The  reac- 
tion Ri  is  equal  to  one  half  of  the  entire  load  on  the  truss.  The  solu- 
tion will  appear  more  clear  when  it  is  noted  that  the  stress  diagram 
shown  consists  of  two  diagrams,  one  due  to  loads  on  the  upper  chord 
and  the  other  due  to  loads  on  the  lower  chord,  combined  in  one,  the 
loads  in  each  case  coming  between  the  stresses  in  the  members  on  each 
side  of  the  load.  The  top  chord  loads  are  laid  off  in  order  downward, 
while  the  bottom  chord  loads  are  laid  off  in  order  upward. 

Snow  Load  Stresses. — ^Large  snow  storms  nearly  always  occur  in 
still  weather,  and  the  maximum  snow  load  will  therefore  be  a  uniformly 
distributed  load.  A  heavy  wind  may  follow  a  sleet  storm  and  a  snow 
load  equal  to  the  minimum  given  in  §  19, "  Specifications  for  Steel  Mine 
Structures,'*  Appendix  I,  should  be  considered  as  acting  at  the  same 
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time  as  the  wind  load.    The  stresses  due  to  snow  load  are  found  in  the 
same  njanner  as  the  dead  load  stresses. 

Wind  Load  Stresses. — The  stresses  in  trusses  due  to  wind  load 
will  depend  upon  the  direction  and  intensity  of  the  wind,  and  the  con- 
dition of  the  end  supports.     The  wind  is  commonly  considered  as  act- 
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Fig.  147. 


Ceiling  Loads. 


ing  horizontally,  and  the  normal  component,  as  determined  by  one  of 
the  formulas  in  §  20,  "  Specifications  for  Steel  Mine  Structures," 
Appendix  I,  is  taken. 

The  ends  of  the  truss  may  (t)  be  rigidly  fixed  to  the  abutment 
walls,  (2)  be  equally  free  to  move,  or  (3)  may  have  one  end  fixed  and 
the  other  end  on  rollers.  When  both  ends  of  the  truss  are  rigidly 
fixed  to  the  abutment  walls  ( i )  the  reactions  are  parallel  to  each  other 
and  to  the  resultant  of  the  external  loads ;  where  both  ends  of  the  truss 
are  equally  free  to  move  (2)  the  horizontal  components  of  the  reactions 
are  equal ;  and  where  one  end  is  fixed  and  the  other  end  is  on  friction- 
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less  rollers  (3)  the  reaction  at  the  roller  end  will  always  be  vertical. 
Either  case  (i)  or  case  (3)  is  commonly  assumed  in  calculating  wind 
load  stresses  in  trusses.  Case  (2)  is  the  condition  in  a  portal,  Fig. 
153,  or  framed  bent.  Fig.  152.  The  vertical  components  of  the  reac- 
tions are  independent  of  the  condition  of  the  ends. 

Wind  Load  Stresses :  No  Rollers. — The  stresses  due  to  a  normal 
wind  load,  in  a  Fink  truss  with  both  ends  fixed  to  rigid  walls,  are  calcu- 
lated by  graphic  resolution  in  Fig.  148.     The  reactions  are  parallel  and 
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Fig.  148.    Stress  Diagram  for  Wind  Loads. 

their  sum  equals  the  sum  of  the  external  loads;  they  are  found  by 
means  of  force  and  equilibrium  polygons.  To  calculate  the  reactions, 
lay  off  the  loads  Pi,  Pj,  Pg,  P41  Pr,  as  shown,  and  select  the  pole  O  at 
any  convenient  point.  Then  at  a  point  on  line  of  action  of  P^  in  the 
truss  diagram,  draw  strings  parallel  to  the  rays  drawn  through  the 
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ends  of  P^  in  the  force  polygon.  The  string  drawn  parallel  to  the  ray 
common  to  forces  Pj  and  Pj  in  the  force  polygon  will  cut  the  force  P, 
in  the  truss  diagram.  Through  this  point  draw  a  string  parallel  to  the 
ray  common  to  forces  P,  and  P,  in  the  force  polygon,  and  so  on  until 
the  strmgs  drawn  parallel  to  the  outside  rays  meet  on  the  resultant  of 
all  the  loads.  The  closing  line  of  the  force  polygon  connects  the  two 
points  on  the  reactions.  Through  point  O  in  the  force  polygon  draw 
line  0-Y  parallel  to  the  closing  line  in  the  equilibrium  polygon,  R^  and 
R2  are  the  reactions,  as  shown. 

The  stress  diagram  is  constructed  in  the  same  manner  as  that  for 
dead  loads.  Heavy  lines  in  truss  and  stress  diagram  indicate  com- 
pression, and  light  lines  indicate  tension. 

The  ambiguity  at  joint  P,  is  removed  by  means  of  the  dotted  mem- 
ber, as  in  the  case  of  the  dead  load  stress  diagram.  It  will  be  seen  that 
there  are  no  stresses  in  the  dotted  web  members  in  the  right  segment 
of  the  truss.  It  is  necessary  to  carry  the  solution  entirely  through  the 
truss,  beginning  at  the  left  reaction  and  checking  up  at  the  right  reac- 
tion. It  will  be  seen  that  the  load  Pj  has  no  effect  on  the  stresses  in  the 
truss  in  this  case,  the  left  reaction  being  simply  reduced  by  Pj. 

Wind  Load  Stresses:  Rollers. — Trusses  longer  than  70  ft.  are 
usually  fixed  at  one  end,  and  are  supported  on  rollers  at  the  other  end. 
The  reaction  at  the  roller  end  is  then  vertical — the  horizontal  com- 
ponent of  the  external  wind  force  being  all  taken  by  the  fixed  end. 
The  wind  may  come  on  either  side  of  the  truss,  giving  rise  to  two  con- 
ditions: (i)  rollers  leeward  and  (2)  rollers  windward,  each  requiring 
a  separate  solution. 

Rollers  Leeward. — The  wind  load  stresses  in  a  triangular  Pratt  truss 
with  rollers  under  the  leeward  side  are  calculated  by  graphic  resolution 
in  Fig.  149. 

The  reactions  in  Fig.  149  were  first  determined  by  means  of  force 
and  equilibrium  polygons,  on  the  assumption  that  they  were  parallel  to 
each  other  and  to  the  resultant  of  the  external  loads.  Then  since  the 
reaction  at  the  roller  end  is  vertical  and  the  horizontal  component  at  the 
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fixed  end  is  equal  to  the  horizontal  component  of  the  external  wind 
forces,  the  true  reactions  were  obtained  by  closing  the  force  polygon. 
In  order  that  the  truss  be  in  equilibrium  under  the  action  of  the 
three  external  forces,  R^,  R^  and  the  resultant  of  the  wind  loads,  the 
three  external  forces  must  meet  in  a  point  if  produced.  This  furnishes 
a  method  for  determining  the  reactions,  where  the  direction  and  line  of 
action  of  one  and  a  point  in  the  line  of  action  of  the  other  are  known. 
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Fig.  149.    Stkess  Diagram  for  Wind  Loads. 

providing  the  point  of  intersection  of  the  three  forces  comes  within  the 
limits  of  the  drawing  board. 

The  stress  diagram  is  constructed  in  the  same  way  as  the  stress 
diagram  for  dead  loads.  It  will  be  seen  that  the  load  Pi  has  no  effect 
on  the  stresses  in  the  truss  in  this  case.  Heavy  lines  in  truss  and  stress 
diagram  indicate  compression,  and  light  lines  indicate  tension. 

Rollers  Windward. — The  wind  load  stresses  in  the  same  triangular 
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Pratt  truss  as  shown  in  Fig.  149,  with  rollers  under  the  windward  side 
of  the  truss  are  calculated  by  graphic  resolution  in  Fig.  150. 

The  true  reactions  were  determined  directly  by  means  of  force  and 
equilibrium  polygons.  The  direction  of  the  reaction  R^  is  known  to 
be  vertical,  but  the  direction  of  the  reaction  Rj  is  unknown,  the  only 
known  point  in  its  line  of  action  being  the  right  abutment.  The  equi- 
librium polygon  is  drawn  to  pass  through  the  right  abutment  and  the 
direction  of  the  right  reaction  is  determined  by  connecting  the  point  of 
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FiG.  150.    Stress  Diagram  for  Wind  Loads. 

intersection  of  the  vertical  reaction  R^  and  the  line  drawn  through  O 
parallel  to  the  closing  line  of  the  equilibrium  polygon,  with  the  lower 
end  of  the  load  line. 

Since  the  vertical  components  of  the  reactions  are  independent  of 
the  conditions  of  the  ends  of  the  truss,  the  vertical  components  of  the 
reactions  in  Fig  149  and  Fig.  150  are  the  same.     It  will  be  seen  that 
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the  load  Pj  produces  stress  in  the  members  of  the  truss  with  rollers 
windward.  If  the  line  of  action  of  R^  drops  below  the  joint  P^,  the 
lower  chord  of  the  truss  will  be  in  compression,  as  will  be  seen  by  taking 


moments  about  P^, 


Concentrated  Load  Stresses.* — The  stresses  in  a  Fink  truss  due  to 
unequal  crane  loads  are  calculated  by  graphic  resolution  in  Fig.  151. 


or 


5' 


1 


1^ 


CRANC  LOADS 


Fig.  151.    Stress  Diagram  for  Concentrated  Loads. 


The  reactions  were  found  by  means  of  force  and  equilibrium  poly- 
gons. The  truss  is  reduced  to  three  triangles  for  the  loading  shown. 
The  solution  of  this  problem  is  similar  to  that  for  ceiling  loads  in  Fig. 
147.  The  moving  crane  trolley  will  produce  maximum  moment  when 
it  is  at  the  center  of  the  truss,  and  this  case  should  also  be  investigated 
in  solving  the  problem. 

♦Weights  of  cranes  are  given  in  Table  XXVIII  and  Table  XXIX,  Chap- 
ter XIV. 
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STRESSES  IN  A  TRANSVERSE  BENT.— A  transverse  bent 
in  a  steel  mill  building  consists  of  a  roof  truss  supported  at  the  ends  on 
columns  and  braced  against  longitudinal  movement  by  means  of  knee 
braces,  Fig.  158.  The  ends  of  the  columns  may  be  fixed  at  the  base  or 
may  be  free  to  turn  (pin-connected).  The  stresses  in  a  transverse 
bent  are  statically  indeterminate  and  cannot  be  calculated  without 
taking  in  account  the  deformations  of  the  members  themselves.  The 
following  approximate  method,  proposed  by  the  author,  gives  results 
that  are  approximately  correct,  are  on  the  safe  side,  and  is  the  method 
used  in  practice. 

Dead  and  Snow  Load  Stresses. — The  stresses  due  to  dead  and 
snow  loads  in  the  truss  of  a  transverse  bent  are  calculated  the  same  as 
though  the  truss  were  supported  on  solid  walls. 

Wind  Load  Stresses. — The  external  wind  loads  may  be  taken  (i) 
as  horizontal  or  (2)  as  normal  to  the  surface.  The  columns  will  be 
assumed  to  be  pin-connected  at  the  tops  and  to  be  either  pin-connected 
or  fixed  at  the  base.  It  will  be  assumed  that  the  horizontal  reactions 
at  the  foot  of  the  columns  are  equal  to  each  other,  and  equal  to  J  of 
the  horizontal  component  of  the  external  wind  load.  It  is  also  assumed 
that  the  truss  does  not  change  its  length,  and  that  the  deflection  of 
the  columns  at  the  top  of  the  columns  and  at  the  foot  of  the  knee  brace 
are  equal. 

It  is  shown  in  "  The  Design  of  Steel  Mill  Buildings  "  that  when  the 
columns  are  fixed  at  the  base  the  point  of  contra-flexure  comes  at  a 
distance  of  from  ^  to  f  of  the  distance  from  the  foot  of  the  column 
to  the  foot  of  the  knee  brace.  It  is  usually  assumed  that  the  point  of 
contra-flexure  is  located  at  a  point  in  the  column  one  half  the  distance 
from  the  foot  of  the  column  to  the  foot  of  the  knee  brace.  (For  the 
calculation  of  the  point  of  contra-flexure  in  the  columns  of  a  transverse 
bent,  see  Fig.  72,  Chapter  IV.) 

Graphic  Calculation  of  Stresses. — ^The  graphic  calculation  of  the 

stresses  in  transverse  bents  will  be  illustrated  by  a  problem,  Fig.  152. 

Problem. — Calculate  the  stresses  due  to  wind  loads  in  a  transverse 
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bent,  span  40'  o" ;  pitch  of  roof  J ;  height  of  posts  20'  o" ;  post  pin  con- 
nected at  the  base;  wind  load  20  lbs.  per  sq.  ft.  of  vertical  projection 
and  assumed  to  act  horizontally  on  the  roof  and  sides,  Fig.  152. 

Solution, — ^H  =  JP = 4,500  lbs. = //'.  To  calculate  V  take  mo- 
ments about  the  foot  of  the  right-hand  post,  and  VX4^  —  3iOOO 
X  i3i'  —  i>75o  X  20'  — 1,500  X  25'  —  750  X  30'  =  o.  Then  V=  + 
3,375  ">s.=—F'. 

To  construct  the  stress  diagram  lay  off  the  load  line  Pi  +  P2  +  ^i 
-{-P^  +  P^  and  j'-F=F  =  3,375  lbs.  Beginning  at  the  foot  of  the 
windward  post,  V  acts  downward,  H  =  X-i  acts  to  the  left,  Pg  acts 
to  the  right.  The  polygon  is  closed  by  drawing  lines  parallel  to  i-X 
and  i-Y;  the  final  stress  polygon  being  F-z-X-X-/'.  Then  pass  to 
the  load  P4  in  the  transverse  bent,  and  in  the  stress  diagram  P4  acts  to 
the  right,  i-X  acts  upwards  to  the  left,  1-2  acts  to  the  right,  and  2-X 
acts  downward  to  the  left,  closing  the  polygon.  The  remainder  of  the 
stress  diagram  is  drawn  in  a  similar  manner,  passing  to  the  foot  of  the 
knee  brace,  then  to  the  top  of  the  post,  etc.,  finally  checking  up  at  the 
foot  of  the  leeward  post.  The  maximum  shear  is  in  the  leeward  post ; 
below  the  knee  brace  the  shear  is  //  =  4,500  lbs.,  above  the  knee  brace 
the  shear  is  the  horizontal  component  of  the  stress  in  lo-X  =  i(/-X 
=39,000  lbs.  The  maximum  bending  moment  in  the  post  is  at  the  foot 
of  the  leeward  knee  brace,  and  is  M  =  4,500  X  I3J'= 60,000  ft.-lbs. 

It  will  be  seen  that  the  stresses  in  the  members  do  not  follow  the 
usual  rules  for  trusses  loaded  with  vertical  loads;  the  top  chord  is 
partly  in  compression  and  partly  in  tension,  while  the  bottom  chord  is 
in  compression.  The  bent  should  be  designed  for  the  wind  load  stresses 
combined  with  the  dead  load  and  the  minimum  snow  load  stresses,  for 
the  wind  load  and  dead  load  stresses,  or  for  the  dead  load  and  snow 
load,  whichever  combination  produces  maximum  stresses  or  reversals 
of  stresses. 

The  stresses  in  the  posts  are  calculated  by  dropping  points  i,  2,  10, 
II  to  the  i',  2',  10'  and  11',  respectively,  on  the  load  line,  or  on  load 
line  produced.    The  stresses  in  the  windward  post  are  f-Y  and  ^-j. 
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while  the  stresses  in  the  leeward  post  are  if-Y  and  p-/c/.  The  maxi- 
mum shear  in  the  leeward  post  is  above  the  knee  brace  and  is  i(f-X 
=9,000  lbs. 
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Fig.  152.    Wind  Load  Stress  Diagram  for  Transverse  Bent. 


Where  the  columns  are  fixed  at  the  base  the  posts  are  assumed  as 
being  pin-connected  at  the  point  of  contra-flexure  and  the  stresses  are 
calculated  for  the  loads  upon  the  bent  above  the  plane  through  the 
point  of  contra-flexure  in  the  manner  above  described. 

For  a  more  complete  discussion  of  the  stresses  in  transverse  bents 
and  in  portals,  see  the  author's  "The  Design  of  Steel  Mill  Buildings/' 
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STRESSES  IN  A  PORTAL.— The  stresses  in  a  portal  will  te 
calculated  by  algebraic  moments  and  graphic  resolution.  The  portal  in 
Fig.  153  has  a  height  of  30^  o",  a  center  to  center  width  of  15'  o",  is 
pin.<onnected  (free  to  turn)  at  the  base,  and  carries  a  load  of  J?  =  2,ooo 
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lbs,  (Note.  The  portal  is  not  pin-connected  at  joint  (3),  and  the 
corresponding  joint  on  the  other  side,  as  might  be  inferred  from 
Fig-  1 53-) 

Solution, — Now  H=H'=ifxx>  lbs.,   r  =  — V,  and   by  taking 
moments  about  B,  ^^^30X2,000-^  15^4,000 lbs.= — V. 
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Algebraic  Moments, — In  passing  sections,  care  should  be  used  to 
avoid  cutting  the  colunms  for  the  reason  that  these  members  are  sub- 
ject to  bending  stresses  in  addition  to  the  direct  stresses.  To  calculate 
the  stress  in  member  J-K,  take  the  center  of  moments  at  joint  (i)  and 
pass  a  section  cutting  members  4-b,  3-4  and  2-Y,  and  cutting  the  portal 
away  to  the  left  of  the  section.  Then  assume  stress  j-K  as  an  external 
force  acting  from  the  outside  toward  the  cut  section,  and  j-K  X  10 
X  0.477  (  sin  ^)  +  //  X  30 = o.  The  stress  in  j-K = — 6, 170  lbs.  The 
remaining  stresses  are  calculated  as  shown. 

Graphic  Resolution, — Lay  off  a-A=A-b=H=  1,000  lbs.,  and 
A-Y  =  V'= 4,000  lbs.  Then  beginning  at  point  B  in  the  portal  the 
force  polygon  for  equilibrium  is  Or-A-Y-f-a,  in  which  f-<i  is  the  stress 
in  the  auxiliary  member  i-a,  and  K-/'  is  the  stress  in  the  post  /-F  when 
the  auxiliary  member  is  acting.  The  true  stress  in  i-Y  is  equal  to  the 
algebraic  sum  of  the  vertical  components  of  the  stress  I'-a  and  I'-Y, 
and  equals  V'= — 4,000  lbs.  Next  complete  the  force  triangle  at  the 
intersection  of  the  auxiliary  members.  Stress  i'-a  is  known,  and  the 
force  triangle  is  a-f-2^-a,  the  forces  acting  as  shown.  The  stress 
diagram  is  carried  through  in  the  order  shown,  checking  up  at  the 
point  A.  The  correct  stresses  are  shown  by  the  full  lines  in  the  stress 
diagram.  The  true  stress  in  j-2  will  produce  equilibrium  for  vertical 
stresses  at  joint  (i)  as  shown.  The  maximum  shear  in  the  posts  is 
//=  1,000  lbs.  below  the  knee-brace  and  2,000  lbs.  above  the  knee- 
brace.  The  maximum  bending  moment  in  the  posts  will  occur  at 
the  foot  of  the  member  j-F,  joint  (3),  and  is  M=  1,000  X  20  X  12 
=  240,000  in.-lbs. 

STRESSES  IN  A  TRESTLE  BENT.— Given  a  trestle  bent.  Fig. 
154,  height  45'  o",  width  at  the  base  30'  o",  width  at  the  top  9'  o",  wind 
loads  Pq,  Pi,  Pa,  Pz,  P4,  as  shown.  The  diagonals  are  tension  mem- 
bers, the  dotted  members  not  being  stressed  for  the  wind  blowing  as 
shown.  The  stresses  will  be  calculated  by  graphic  resolution  and  by 
algebraic  moments. 

I.  Graphic  Resolution. — ^The  load  P©  is  assumed  as  transferred  to 
the  bent  by  means  of  auxiliary  members  as  shown.    The  loads  P©,  Pi, 
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Pzi  P%i  Pa  ^^  ^^id  o^  ^s  ^  l^^cl  line  as  shown.  Beginning  with  Po»  the 
load  is  held  in  equilibrium  by  means  of  the  auxiliary  members,  and  the 
load  Po  is  equilibrated  in  the  stress  diagram  by  drawing  1-2  and  Y-^ 
parallel  to  dotted  members  1-2  and  K-^,  the  stresses  in  the  stress  dia- 
gram acting  around  to  the  right,  stress  1-2  is  tension  and  ¥-2  is  com- 
pression.   The  load  Pi  on  the  bent  is  held  in  equilibrium  by  the  auxil- 


Fia  154.    Wind  Stresses  in  a  Tkestle  Bent. 

lary  stress  1-2  and  stresses  in  members  2-j  and  x-j  not  yet  calculated. 
The  stress  polygon  is  closed  by  drawing  ^-j  and  x-3  parallel  to  mem- 
bers 2-3  and  x-3.  The  stresses  act  around  the  stress  polygon  x-j-2-1 
to  the  right,  x-^  being  tension  and  ^-j  being  compression.  The  stresses 
in  auxiliary  member  Y-2  and  member  2-3  are  held  in  equilibrium  by 
stresses  in  members  3-4  and  Y-4.  In  the  stress  diagram  ^-j  is  com- 
pression acting  to  the  right,  Y-2  is  compression  acting  downward,  and 
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the  stress  polygon  is  closed  by  drawing  Y-4,  compression,  and  3-4,  ten- 
sion. It  will  be  seen  that  for  equilibrium  the  stresses  all  act  in  the 
same  direction  around  the  stress  polygon.  The  first  time  a  stress  is 
used  in  the  stress  diagram,  one  arrow  is  used,  and  the  second  time  the 
stress  is  used  two  arrows  are  used  to  indicate  direction  and  kind  of 
stress.    The  remainder  of  the  solution  is  easily  followed. 

2.  Algebraic  Moments. — To  calculate  the  stresses  in  the  diagonal 
members  take  centers  of  moments  about  the  point  A,  the  point  of  inter- 
section of  the  inclined  posts  Then  to  calculate  the  stress  in  j-4,  pass 
a  section  cutting  members  j-X,  3-4  and  4'-Y;  assume  that  the  stress 
in  3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  sec- 
tion, and  3-4  X  iS-9'  +  3,ooo X  193'  +  3,000 X  1 1.3' =0.  The  stress 
3-4= — 5,800  lbs  Stresses  in  4-5,  5-6,  rf-7,  7-^  and  8-Z  are  calcu- 
lated in  a  similar  manner.  To  obtain  reaction  R^  take  moments  about 
i?2  and  i?i  X  30'  —  2,000  X  15'  —  2,000  X  30'  —  3»ooo  X  45'— 3»ooo 
X  53'=o     Then  R^  —  i2,8oo\hs.=—R^. 

To  calculate  the  stress  in  4-Y,  take  center  of  moments  at  joint  Pa 
and  pass  a  section  cutting  members  5-x,  4-5  and  4-Y,  and  assume  the 
stress  in  4'-Y  as  an  external  force  acting  from  the  outside  toward  the 
cutsection.  Then^-KX  15.6'  — 3,oooX  15'  — 3,000X23^=0.  Then 
^-7 =  +  7,300  lbs. 


CHAPTER  IX. 
The  Design  of  Roof  Trusses  and  Steel  Frame  Buildings. 

Truss  Defined. — ^A  truss  is  a  framed  structure  in  which  the  mem- 
bers are  so  arranged  and  fastened  at  their  ends  that  external  loads  will 
cause  only  direct  stresses  in  the  members.  In  its  simplest  form  a  truss 
is  a  triangle  or  a  combination  of  triangles.  In  this  chapter  it  will  be 
assumed  (i)  that  the  structure  is  not  constrained  by  the  reactions,  (2) 
that  the  axes  of  the  members  meet  in  a  common  point  at  the  joints,  and 
(3)  that  the  joints  have  frictionless  hinges. 

Types  of  Roof  Trusses. — Several  types  of  roof  trusses  are  shown 
in  Fig  155.  These  trusses  have  been  subdivided  so  that  the  purlins 
will  come  at  the  panel  points,  and  will  not  have  a  spacing  greater  than 
4  ft.  9  in.,  the  greatest  spacing  allowed  for  corrugated  steel  roofing 
when  laid  without  sheathing  (see  Fig.  3, "  Specifications  for  Steel  Mine 
Structures").  The  Fink  trusses  shown  in  (a)  to  (g)  are  commonly 
used  in  steel  frame  buildings  and  are  very  economical.  The  other  types 
of  trusses  need  no  explanation. 

Saw  Tooth  Roofs. — The  common  type  of  saw  tooth  roof  is  shown 
in  (a).  Fig.  156a.  The  glazed  leg  faces  the  north  and  permits  only 
indirect  light  to  enter  the  building,  thus  doing  away  with  the  glare  and 
varying  intensity  of  light  in  buildings  where  direct  sunlight  enters.  In 
cold  climates  the  snow  drifts  the  gutters  nearly  full  and  causes  loss  of 
light  and  also  leakage  from  the  overflowing  gutters.  The  modified 
saw  tooth  roof  shown  in  (&)  was  designed  by  the  author  to  obviate  the 
defects  in  the  common  type  of  saw  tooth  roof.  The  modified  saw  tooth 
roof  permits  the  use  of  a  greater  span  and  a  more  economical  pitch 
than  the  common  form  shown  in  (a). 

Pitch  of  Roof. — ^The  pitch  ot  a  truss  is  expressed  in  terms  of  the 
center  height  divided  by  the  span.  For  example,  a  truss  with  a  60  ft. 
span  and  a  center  height  of  20  ft.,  has  a  pitch  of  i.  For  a  corrugated 
steel  roof  the  pitch  should  not  be  less  than  J,  a  pitch  of  i  being  prefer- 
able. Shingles  should  have  a  pitch  of  i  to  J.  Tar  and  gravel  roofs 
should  preferably  have  a  slope  only  sufficient  to  drain  off  the  water. 
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Fig.  155.    Types  of  Roof  Trusses. 

Spacing  of  Trusses. — The  spacing  of  trusses  depends  upon  the 
span,  the  type  of  truss  and  the  load  to  be  carried.  It  is  usually  eco- 
nomical to  use  simple  rolled  sections  for  purlins,  which  makes  a  spacing 
of  approximately  20  ft.  a  maximiun.     The  spacing  of  trusses  in  mill 
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buildings  varies  from  1 6  to  25  ft,  the  former  spacing  being  a  very 
satisfactory  one  up  to  spans  of  60  to  80  ft. 

Roof  trusses  for  mill  buildings  are  commonly  made  of  angles  riv- 
eted to  connection  plates  at  th€  joints.  The  truss  for  which  the  shop 
plans  are  shown  in  Fig.  227,  Chapter  XIV,  has  the  main  members 
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fa)  Saw  Tooth   (Weaving  Shed) 


South  End  North  End 

•glass  ^-^Cr'9'^^^  ^.#«J^r"9'^^^ 


(b)  Modified  Saw  Tooth 
Fig.  156  a.    Saw  Tooth  Trusses. 

made  of  two  angles  placed  back  to  back,  and  the  secondary  members 
made  of  single  angles.  The  members  of  a  roof  truss  may  be  made  of 
two  channels  or  of  two  angles  with  a  plate  riveted  between  the  angles. 
Where  the  purlins  are  not  placed  at  the  panel  points  the  top  chord 
must  be  designed  for  both  direct  stress  and  flexural  stress. 

DESIGN  OF  A  STEEL  ROOF  TRUSS.— Given  a  Fink  roof 
truss:  span  40'  o",  pitch  30  degrees,  trusses  spaced  12'  o",  load  40  lbs. 
per  sq.  ft.  of  horizontal  projection.  The  stresses  have  been  calculated 
in  Fig.  156  b  by  algebraic  resolution,  and  also  by  graphic  resolution. 
The  load  P^  is  equal  to  12  X  10  X  40  lbs.  =  4,800  lbs.  The  allowable 
stresses  are  given  in  §  33,  "  Specifications  for  Steel  Mine  Structures/' 
Appendix  I,  and  are  as  follows,  in  lbs.  per  sq.  in. : 

Tension 16,000 

Compression  16,000 — 70- 

T 
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where  /= length  of  the  member  in  inches,  and  r=the  radius  of  gyra- 
tion of  the  member  in  inches. 

Rivets  and  pins,  bearing 22,000 

Rivets  and  pins,  shear 11,000 

Pins,  bending  on  extreme  fiber 24,000 

Plate  girder  webs,  shear  on  net  section 10,000 

Bearing  on  1-2-4  Portland  cement  concrete 500 

Design  of  Compression  Members. — Member  X-i.  Stress  =  -f" 
14,400  lbs. 

The  upper  chord  will  be  made  of  two  angles  with  unequal  legs, 
placed  back  to  back,  with  the  shorter  legs  turned  out  and  separated  by 
f  in.  gusset  or  connection  plates. 

Try  two  3^"  X  3"  X  A"  angles.  From  table  on  page  196  Cam- 
bria (edition  1909),  or  page  145  Carnegie  (edition  1903),  the  least 
radius  of  gyration,  r,  is  i.io  in.  The  unsupported  length  of  the  mem- 
ber is  II  ft.  6  in.  =  138  in.,  and  //r=i38-T- 1.10=125.  The  allow- 
able ratio  of  l/r  is  125  (Specifications,  §  100),  so  that  the  member  just 
satisfies  this  specification.  The  allowable  stress  per  sq.  in.  =  16,000 
—  7ol/r  =  16,000  —  8,750  =  7,250  lbs.  The  area  required  will  be 
14,400/7,250=1.99  sq.  in.  The  area  of  two  angles  3i"X3"XA" 
=  3.88  sq.  in.  The  area  is  greater  than  required  to  take  the  stress  but 
the  section  is  required  by  the  specifications  for  ratio  of  length  to  radius 
of  gyration.  To  make  the  two  angles  act  together  as  one  piece,  it  is 
necessary  to  rivet  them  together  at  intervals,  such  that  the  two  angles 
acting  singly  will  be  stronger  than  the  two  angles  acting  together.  On 
page  180  Cambria,  or  page  113  Carnegie,  the  least  radius  of  gyration 
of  a  3i"  X  3"  X  A"  angle  about  a  diagonal  axis  is  r=o.63  in.  The 
angles  must,  therefore,  be  riveted  together  not  farther  apart  than  0.63 
X  125=:  78.8  in.  It  is  the  common  practice  to  rivet  angles  in  com- 
pression about  every  2j  to  3  ft. 

The  truss  will  be  shipped  in  two  parts  and  in  order  to  avoid  a  splice, 
and  because  the  difference  in  the  stresses  is  small,  the  entire  top  chord 
will  be  made  of  two  angles  3^"  X  3"  X  A". 

Member  1-2, — Stress  = -f- 4,200  lbs. 

The  length  is  5  ft.  9  in.  =  69  in.  The  member  must  have  a  radius 
of  gyration  not  less  than  r=:  69/125  ==0.55.  From  page  195  Cambria, 
the  radius  of  gyration  of  two  angles  2"  X  2"  X  i"  is  r=o.6i,  or  from 
page  174  Cambria,  the  least  radius  of  gyration  of  one  angle  3"  X  3" 
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X  i"  is  r=o.S9.  The  area  of  2  angles  2"  X  2"  X  i"  is  equal  to  1.88 
sq.  in.,  and  the  area  of  one  angle  3"  X  3"  X  i"  is  equal  to  1.44  sq.  in. 
Where  one  angle  is  used  for  a  strut  it  should  be  fastened  by  both  legs 
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or  only  one  leg  may  be  taken  as  effective  (Specifications,  §39).  The 
allowable  stress  for  the  one  angle  3"  X  3"  X  \"  is  =  16,000  —  70 
X  69/0.59=  16,000 — 8,200 =7,800  lbs.  per  sq.in.  The  required  area 
is  4,800/7300=0.62  sq.  in.    The  single  angle  need  be  fastened  by  but 
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one  leg.  The  two  angles  2"  X  2"  X  i"  make  the  best  section  and  will 
be  used. 

Design  of  Tension  Members. — Member  i^Y,  Stress= — 12460  lbs. 

The  net  area  required  is  12,460/16,000  =  0.78  sq.  in.  The  length 
of  the  member  is  13  ft.  4  in.==  160  in.  From  Specifications,  §  loi,  the 
ratio  of  l/r  must  not  exceed  200.  The  least  radius  of  gyration  of  the 
section  will  then  be  r=  160/200=0.80.  From  page  196  Cambria,  two 
angles  3^"  X  2J"  X  \"  with  the  long  legs  placed  together  have  a  mini- 
mum radius  of  gyration,  ^=0.96. 

The  gross  area  of  the  section  must  be  such  that  there  will  be  a  net 
area  of  not  less  than  0.78  sq.  in.  after  the  area  of  the  rivet  holes  in  any 
section  has  been  deducted  Try  two  angles  3^"  X  2^''  X  i"-  It  will 
be  necessary  to  deduct  the  area  of  one  rivet  hole  from  each  angle.  Tlie 
diameter  of  the  rivet  hole  deducted  is  taken  |  in.  larger  than  the  diam- 
eter of  the  rivet  before  driving.  Assuming  |  in.  rivets  it  will  be  nec- 
essary to  deduct  0.19  sq.  in.  from  each  angle  (Table  XLVT).  The  net 
area  of  the  two  angles  is  2.63 — 0.38  =  2.25  sq.  in.  The  area  is  more 
than  sufficient  to  take  the  stress,  but  the  member  just  satisfies  the  speci- 
fication for  length,  and  will  be  used. 

Member  j-F. — Stress = — 8,300  lbs. 

The  length  of  the  member  is  13  ft.  4  in.  =  160  in.,  which  makes  it 
necessary  to  use  the  same  section  as  was  used  for  member  i-Y,  The 
member  will  be  made  of  two  angles  3J"  X  2^"  X  i"  with  long  legs 
placed  together. 

Design  of  Member  ^-j. — Stress  = — 4,200  lbs. 

The  length  of  the  member  is  13  ft.  4  in.  =  160  in.,  which  makes  it 
necessary  to  use  the  same  section  as  was  used  for  member  i-Y,  The 
member  will  be  made  of  two  angles  3J"  X  2^"  X  i"  with  long  legs 
placed  together. 

DESIGN  OF  STEEL  FRAME  BUILDINGS.    Framework.— 

The  framework  of  a  steel  frame  building  consists  of  a  series  of  trans- 
verse bents,  which  carry  the  purlins  on  the  tops  of  the  trusses,  and  girts 
on  the  sides  of  the  posts  to  carry  the  covering,  Fig.  157.  The  frame- 
work is  braced  by  diagonal  bracing  in  the  planes  of  the  roof  and  the 
sides  of  the  building,  and  in  the  plane  of  the  lower  chords.  A  trans- 
verse bent  consists  of  a  roof  truss  supported  at  the  ends  on  columns 
and  is  braced  against  endwise  movement  by  means  of  knee  braces.  The 
framing  plan  for  a  steel  frame  building  is  shown  in  Fig.  157. 
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Transverse  Bents. — A  number  of  the  common  forms  of  transverse 
bents  are  shown  in  Fig.  158.  Transverse  bents  (o),  (&),  (d)  and  (A) 
are  used  for  boiler  houses,  shops,  etc.,  while  (e),  (/),  (g)  and  (c)  are 
used  when  side  sheds  are  desired. 

Columns. — The  common  forms  of  columns  used  in  steel  frame 
buildings  are  shown  in  Fig.  159.  Column  (/),  4  angles  and  i  plate, 
and  column  (g),  4  angles  laced  are  commonly  used  for  transverse 
bents.  The  best  comer  column  is  a  single  angle  as  shown  in  (i)-  Col- 
umns (a)  to  (e)  are  used  to  support  heavy  loads. 
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A  Steel  Transformer  Building. — The  framework  of  a  steel  frame 
transformer  building  is  shown  in  Fig.  160  and  Fig.  161.  The  trusses 
are  Fink  trusses  with  the  members  made  of  angles  placed  back  to  back. 
The  main  columns  carrying  the  roof  trusses  are  made  of  four  angles 
laced,  the  section  being  I-shaped,  each  flange  being  composed  of  two 
angles  placed  back  to  back  with  the  long  legs  outstanding,  and  the  web 
consisting  of  lacing.  The  columns  in  the  end  of  the  building  are  made 
of  9"  I-beams.  The  main  purlins  are  made  of  5"  channels  @  6J  lbs,, 
while  the  girts  are  4"  channels  @  ${  lbs.  The  purlins  are  spaced  less 
t6 
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Fia  158.    Types  of  Transverse  Bents. 


CORRUGATED  STEEL. 
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than  4  ft.  9  in.,  which  is  a  maximum  spacing  where  corrugated  steel 
roofing  is  used  without  sheathing.  The  steel  framework  is  braced  in 
the  plane  of  the  top  chord  and  the  sides  and  ends  of  the  building  by 
means  of  diagonal  rods  J  in.  in  diameter.     The  crane  girder  beams  in 
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the  plane  of  the  lower  cord  brace  the  building  longitudinally,  the  diag- 
onal bracing  being  composed  of  angles. 

Corrugated  Steel  Covering. — ^The  plans  for  the  corrugated  steel 
covering  on  the  roof  and  sides  are  shown  in  Fig.  162  and  Fig.  163. 
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The  corrugated  steel  for  the  roof  is  No,  22  gage  steel  with  2j  in.  cor- 
rugations, while  the  corrugated  steel  for  the  sides  is  No.  24  gage  steel 
with  2i  in.  corrugations.  The  flashing  and  ridge  roll  are  made  of  No. 
22  flat  sheet  steel 
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To  prevent  the  condensation  of  moisture  on  the  inside  of  the  steel 
roof  and  the  resulting  dripping,  an ti -condensation  lining  was  used,  as 
is  shown  in  Fig,  163.     This  lining  was  constructed  as  follows:  galvan- 


A   STEEL  TSANSFORHER   BUILDING. 


ized  wire  poultry  netting  was  fastened  to  one  eave  purlin,  was  passed 
over  the  ridge,  stretched  tight  and  fastened  to  the  other  eave  puriin. 


lil 


SIDC  ELEVATICN 


cnd  elevation 
Fig.  i6i.    Plans  of  a  Tsanspdbuek  Buildikc;. 

The  edges  of  the  wire  were  woven  together  by  means  of  wire  clips. 
On  the  wire  netting  was  laid  two  layers  of  asbestos  paper  -^  in,  thick 
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Fig.  162.    CoMUCATEo  Steel  Plans  for  Thanstoruer  Building. 


and  on  top  of  the  asbestos  was  laid  two  layers  of  tar  paper.  The  cor- 
mgated  steel  was  then  laid  on  top  of  the  roof  in  the  usual  way  and 
was  fastened  to  the  purlins  by  means  of  long  soft  iron  wire  nails  spaced 
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as  shown  in  Fig.  163.  To  prevent  the  lining  from  sagging,  stove  bolts 
^  in.  in  diameter  with  t"  X  1"  X  4"  flat  washers  on  the  lower  side 
were  placed  between  the  purlins.     The  author  would  recommend  that 
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purlins  be  spaced  ^  the  usual  distance  where  anti-condensation  lining 
is  used  and  the  stove  bolts  be  omitted. 

Corrugated  steel  comes  in  stock  sizes  in  even  feet  from  4  to  10  ft. 
long.  The  minimum  thickness  of  corrugated  steel  for  roofing  should 
be  No.  22  gage,  while  No.  24  is  the  minimum  gage  to  use  for  the  sides. 
The  common  methods  for  fastening  corrugated  steel  are  shown  in  Fig. 
164.    Corrugated  steel  should  be  laid  with  a  6  in.  end  lap  and  two 
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Fig.  164.    Methods  of  Fastening  Corrugated  Steel  to  Purlins  and  Girts. 


corrugations  side  lap  on  the  roof,  and  with  a  4  in.  end  lap  and  one  cor- 
rugation side  lap  on  the  sides  of  the  buildings.  Where  corrugated  steel 
is  used  without  sheathing  the  edges  should  be  riveted  together  with 
copper  or  iron  rivets  at  intervals  of  not  less  than  12  in.  The  safe  load 
for  corrugated  steel  for  different  spans  is  shown  in  Fig.  3,  "  Specifica- 
tions for  Steel  Mine  Structures/*  Appendix  I.  Corrugated  steel  cov- 
ering may  be  laid  on  timber  sheathing,  to  which  it  is  fastened  with 
barbed  roofing  nails. 

Details  for  corrugated  steel  roofing,  walls  and  finish  are  given  in 
Fig.  165. 

The  roofs  of  steel  frame  buildings  are  also  covered  with  tar  and 
gravel  roofing,  slate,  tile  or  some  of  the  patented  composition  roofings. 
Specifications  for  tar  and  gravel  roofs  are  given  in  the  "  Specifications 
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for  Steel  Mine  Structures"  in  Appendix  I.     For  additional  details  of 
roofs  see  the  author's  "  The  Design  of  Steel  Mill  Buildings." 

Steel  Frame  Building  with  Plaster  Walla.— The  steel  frame  build- 
ing shown  in  Fig.  i66  and  Fig.  167  was  covered  with  expanded  metal 
and  plaster,  walls  and  roof  constructed  as  follows :  The  side  walls  were 
made  by  fastening  |  in.  channels  at  12  in  centers  to  the  steel  frame- 
work and  then  covering  this  framework  with  expanded  metal  wired  on. 


BacCcmie»  Sailer 


I  LipifyrStkCom^MSi^X 


Eaofshftf  tumtdiai 
Finish  of  ^nl.  ^nef 


<^ 


^ 


rJhof 


InfkJfitter 


6iil>k!7ni3h  with  brick  Wt// 
Fig.  165.    Details  for  Ohoiugated  Steel. 

The  expanded  metal  was  then  covered  on  the  outside  with  a  coating 
of  cement  mortar  composed  of  one  part  Portland  cement  and  two  parts 
sand,  and  on  the  inside  with  a  gypsum  plaster,  making  the  walls  about 
3  in.  thick  The  roof  consists  of  a  2J  in.  concrete  slab  reinforced  with 
expanded  metal,  this  slab  being  covered  with  10  in.  X  12  i"-  slate  nailed 
directly  to  the  concrete. 

For  the  details  of  a  steel  frame  hoist  house  with  plaster  walls,  see 
the  description  of  the  Tonopah-Belmont  head  frame  in  Chapter  VI. 
Steel  frame  buildings  may  also  be  constructed  with  masonry  filled  walls. 


234         DESIGN   OF  ROOF  TRUSSES   AND  STEEL   FRAME   BUILDINGS. 


-17  «. 

Fig.  i66.    Cross-section  of  Steel  Building  Coveked  with  Expanded 
Metal  and  Plasteb. 


Fia  167.    Side  Elevation  of  Steel  Builoinc  Covered  with  Expanded 
Metal  and  Plaster. 


WINDOWS  AND  SKYLIGHTS. 
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Windows  and  Sky  Lights. — Mill  and  mine  buildings  should  have 
an  ample  amount  of  glazing  in  the  form  of  windows  and  sky  lights. 
For  ordinary  windows  double  strength  glass  gives  very  satisfactory 
results.  For  sky  lights  and  where  windows  are  liable  to  be  broken, 
wire  glass  should  be  used.     The  best  glass  for  glazing  windows  in 


9(099  or  louvres 

9bssorkxM>e9 


(b) 


qiass 


q' 

asS' 

r" 

^ 

glass 

/K 

\' 

\ 

/ 

7 

J 

^ 

r  1  \ 

\ 

\ 

/ 

/ 

L 

1    N 

glass 


glass  or  louvres 
gloss 


{Cl 


9I0SS 


rigloas 


cincukir  venlilator 


qbss 


glass 


^S'  (h)  Silk  Mill 

Fig.  168.    Types  of  Roofs  for  Lighting  and  Ventilation. 


industrial  plants  is  "  factory  ribbed  glass  "  with  twenty-one  ribs  to  the 
inch,  the  ribs  being  placed  on  the  inside  of  the  window.  This  glass  is 
considerably  more  expensive  than  plain  glass  but  is  much  more 
satisfactory. 

Translucent  fabric  made  by  imbedding  wire  cloth  in  a  translucent 
material  made  of  linseed  oil,  is  also  used  for  glazing  in  industrial 
buildings.     Translucent  fabric  will  be  charred  by  a  live  coal  but  is  prac- 
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tically  fire-proof.  It  shuts  off  part  of  the  light,  making  it  possible  for 
men  to  work  under  it  without  shading. 

The  amount  of  glazed  surface  required  in  mill  buildings  depends 
upon  the  use  to  which  the  building  is  put,  the  material  used  in  glazing, 
the  location  and  the  angle  of  the  windows  and  sky  lights,  and  tlie 
clearness  of  the  atmosphere.  It  is  common  to  specify  that  not  less 
than  10  per  cent  of  the  exterior  surface  of  mill  buildings  and  25  per 
cent  of  the  exterior  surface  of  machine  shops  should  be  glazed. 

Several  different  types  of  trusses  with  provision  for  lighting  and 
ventilation  are  g^ven  in  Fig.  168.  For  additional  data,  together  with 
details  of  windows  and  sky  lights,  see  the  author's  "The  Design  of 
Steel  Mill  Buildings." 

Ventilators. — Mill  buildings  may  be  ventilated  by  means  of  moni- 
tor ventilators  or  by  means  of  circular  ventilators.  The  sides  of  the 
monitor  ventilator  in  Fig.  160  was  fitted  with  louvres  which  were  to 
be  closed  in  cold  weather.  Buildings  of  this  type  should  have  glazed 
sash  so  that  when  the  ventilators  are  closed  the  light  will  not  be  cut  off. 
For  details  of  ventilators  see  the  author's  "  The  Design  of  Steel  Mill 
Buildings." 

Wooden  Doors. — Wooden  doors  are  usually  constructed  of  matched 
pine  sheathing  nailed  to  a  wooden  frame  as  shown  in  Fig.  169  and 
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Designs  for  wooden  swing  doors  are  shown  in  Fig.  169,  and  for 
a  wooden  sliding  door  in  Fig.  170.  These  doors  are  made  of  white 
pine.  Doors  up  to  four  feet  in  width  should  be  swung  on  hinges; 
wider  doors  should  be  made  to  slide  on  an  overhead  track  or  should  be 
counterbalanced  and  raise  vertically.  Sliding  doors  should  be  at  least 
4  in.  wider  and  2  in.  higher  than  the  clear  opening. 
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"  Sandwich  "  doors  are  made  by  covering  a  wooden  frame  with  flat 
or  corrugated  steel.  The  wooden  framework  of  these  doors  is  com- 
monly made  of  two  or  more  thicknesses  of  J  in.  dressed  and  matched 
white  pine  sheathing  not  over  4  in.  wide,  laid  diagonally  and  nailed 
with  clinch  nails.  Care  must  be  used  in  handling  sandwich  doors  made 
as  above  or  they  will  warp  out  of  shape.  Corrugated  steel  with  \\  in, 
corrugations  makes  the  neatest  covering  for  sandwich  doors. 

For  swing  doors  use  hinges  about  as  follows :  For  doors  3  ft.  X  6  ft. 
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or  less  use  lo  in.  strap  or  lo  in.  T-hinges ;  for  doors  3  ft.  X  6  ft.  to 
3  ft.  X  8  ft.  use  16  in.  strap  or  16  in.  T-hinges;  for  doors  3  ft.  X  8  ft 
to  4  ft.  X  10  ft.  use  24  in.  strap  hinges. 

Steel  Doors. — Details  of  a  steel  sliding  door  are  shown  in  Fig.  171. 
Steel  doors  should  be  covered  with  corrugated  steel,  preferably  with 
I J  in.  corrugations. 

Floors.— Floors  for  mill  buildings  may  be  made  (i)  of  concrete 
laid  either  on  a  solid  foundation  or  in  the  form  of  slabs  reinforced  for 
temperature  and  contraction  stresses;  (2)  timber  on  a  solid  cement  or 
tar  concrete  base,  or '(3)  may  be  made  of  cinders  or  other  material. 
Concrete  floors  are  ordinarily  laid  on  a  solid  foundation  of  gravel  or 
cinders.  The  main  body  of  the  floor  is  made  of  concrete  2^  in.  to  3 
in.  thick.  The  concrete  should  be  mixed  in  the  proportions  of  one 
part  first-class  Portland  cement,  two  parts  clean,  sharp,  coarse  sand 
and  four  parts  broken  stone  or  gravel.  The  broken  stone  or  gravel 
should  have  no  particles  that  will  not  pass  a  i^  in.  ring.  The  concrete 
should  be  mixed  very  thoroughly  and  should  be  deposited  in  place  and 
be  thoroughly  tamped  until  moisture  rises  to  the  surface.  Before  the 
base  is  set  the  wearing  surface,  consisting  of  one  part  Portland  cement 
and  two  parts  clean,  sharp,  coarse  sand,  and  f  to  i  in.  thick,  should 
be  applied  and  troweled  smooth.  To  get  a  glazed  finish  (which  is  not 
desirable)  the  surface  is  rubbed  during  the  time  of  setting,  the  glaze 
being  formed  by  adding  dry  cement  to  the  top  as  the  rubbing  proceeds. 
Care  should  be  used  to  have  the  top  surface  of  the  concrete  clean  of 
all  material  and  free  from  water  before  placing  the  wearing  surface. 
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The  most  satisfactory  floor  for  all  purposes  is  a  timber  floor  carried 
on  a  bituminous  concrete  base.  This  floor  is  ordinarily  constructed  as 
follows:  After  the  subgrade  has  been  thoroughly  tamped,  3  in.  X  3  in. 
timber  joists  spaced  about  18"  centers  are  supported  at  the  proper  ele- 
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vation  by  means  of  stakes  driven  in  the  subgrade.  Bituminous  con- 
crete, made  by  mixing  stone  or  gravel  with  a  refined  coal  tar  at  a 
temperature  of  200  to  300  degrees,  is  then  deposited  around  the  joists 
and  is  thoroughly  tamped  until  the  surface  is  slightly  below  the  tops 
of  the  timber  joists.  On  top  of  the  timber  joists  is  then  laid  a  sub- 
floor  consisting  of  2  in.  pine  planks  fully  spiked  to  the  joists.  The 
wearing  surface  is  then  placed  transversely  on  top  of  the  subfloor. 
The  best  wearing  surface  is  J  in.  maple  flooring,  although  hard  pine 
floors  give  fairly  satisfactory  results.  Specifications  for  concrete  and 
timber  floors  are  given  in  Appendix  I.  For  details  of  timber  shop 
floors  see  Fig.  172  jind  Fig.  173.  Additional  details  of  shop  floors  are 
given  in  the  author's  "  The  Design  of  Steel  Mill  Buildings." 

FOUNDATIONS. — The  allowable  pressure  on  foundations  de- 
pends upon  local  conditions,  which  should  be  carefully  examined  in 
every  case.  In  the  absence  of  definite  information  the  pressures  on 
foundations  should  not  exceed  the  following  in  tons  per  sq.  ft 

Soft  clay  and  loam z 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm,  coarse  sand  4 

Firm,  coarse  sand  and  gravel   5 

Shale  rock  8 

Hard  rock  20 

The  pressure  of  column  bases  on  Portland  cement  concrete  should 
not  exceed  500  lbs.  per  sq.  in.;  the  pressure  on  good  sandstone  and 
limestone  should  not  exceed  400  lbs.  per  sq.  in.,  while  the  pressure  on 
inferior  masonry  should  be  very  much  less  than  the  above. 

PAINT. — Oil  paints  are  made  by  mixing  a  pigment  with  linseed 
oil.  Red  lead,  graphite,  iron  oxide  and  carbon  are  used  as  pigments. 
Carbon  may  be  used  in  the  form  of  graphite  or  lamp  black.  The 
amount  of  pigment  per  gallon  of  oil  varies  as  follows:  red  lead  15  to 
33  lbs.,  iron  oxide  15  to  20  lbs.,  graphite  3  to  12  lbs.  The  paint  requir- 
ing the  most  pigment  gives  the  thicker  paint  and  therefore  has  a  less 
covering  capacity  per  gallon.  Under  ordinary  conditions  very  satis- 
factory results  are  obtained  with  any  of  the  above  paints  providing 
the  materials  are  pure  and  thoroughly  mixed,  the  surface  is  clean, 
dry  and  warm,  and  the  painting  is  well  done.     However,  where  struc- 
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tural  steel  is  exposed  to  smelter  gases,  graphite  and  carbon  paints 
appear  to  give  better  results  than  either  red  lead  or  iron  oxide  paints. 

There  are  many  patented  paints  on  the  market,  most  of  them  con- 
taining either  graphite  or  asphalt.  Several  of  these  paints  give  very 
satisfactory  results.  For  painting  structural  steel  work  exposed  to 
smelter  or  other  corrosive  gases  coal  tar  paint  will  be  found  very  effi- 
cient. This  coal  tar  paint  is  made  by  mixing  Portland  cement,  kero- 
sene and  refined  coal  tar,  in  the  proportions  of  16  parts  of  refined  coal 
tar,  4  parts  Portland  cement,  and  3  parts  kerosene  oil.  The  kero- 
sene oil  and  Portland  cement  are  first  thoroughly  mixed  and  then  im- 
mediately added  to  the  coal  tar.  This  makes  a  very  efficient  covering, 
as  the  Portland  cement  prevents  the  coal  tar  from  melting  in  hot 
weather  or  cracking  in  cold  weather.  If  it  is  later  desired  to  paint 
structural  steel  work  with  an  oil  paint  it  will  be  necessary  to  scrape  off 
the  coal  tar  paint  before  applying  the  oil  paint 

For  data  on  paints  and  the  cost  of  painting  see  Chapter  XV;  also 
see  the  author's  "  The  Design  of  Steel  Mill  Buildings." 


CHAPTER  X. 
The  Design  of  Bins  and  Retaining  Walls. 

Introduction. — Bins  are  designed  to  contain  materials  which  are 
more  or  less  nearly  in  a  granular  condition.  Dry  sand,  screened  an- 
thracite coal,  etc.,  are  almost  ideal  semi-fluids,  while  bituminous  coal 
and  ashes  are  in  a  variable  condition.  Before  considering  the  design 
of  bins  it  will  be  necessary  to  briefly  discuss  the  laws  of  semi-fluids  and 
the  design  of  retaining  walls. 

SEMI-FLUIDS.— The  laws  of  perfect  fluids  and  of  solids  have 
been  studied  experimentally  and  theoretically  and  are  well  known. 
Many  fluids  are  perfect  fluids  only  above  certain  temperatures,  and  as 
the  temperature  falls  become  'viscous  fluids"  and  after  passing  the 
chill  point  become  solids.  Other  materials  such  as  dry  sand  and  shot 
occupy  an  intermediate  position  between  fluids  and  solids  and  are  called 
"semi-fluids";  approaching  fluids  when  water  is  added,  and  solids 
when  a  cementing  material  between  the  grains  causes  cohesion  in  the 
mass.  Dry  sand,  shot,  wheat  and  similar  materials  are  almost  perfect 
semi-fluids,  the  mass  being  without  cohesion,  the  particles  being  held  in 
place  by  friction  on  each  other.  The  angle  of  internal  friction  is  the 
angle  whose  tangent  is  the  coefficient  of  internal  friction  of  the  parti- 
cles upon  one  another,  and  is  nearly  always  larger  than  the  angle  at 
which  the  material  will  stand  if  poured  in  a  pile  on  a  level  floor.  The 
angle  of  internal  friction  is  commonly  referred  to  as  the  angle  of  repose. 
If  water  be  added  to  dry  sand  the  angle  of  internal  friction  decreases 
and  approaches  zero,  while  if  a  cementing  material  such  as  clay  be 
added,  the  angle  of  internal  friction  increases  and  approaches  90  degrees 
as  a  limit. 

The  laws  of  perfect  semi-fluids  such  as  sand  and  wheat  have  been 
studied  experimentally  and  theoretically  and  are  well  known.  Experi- 
ments made  upon  wheat  in  bins  by  the  author  and  others  and  recorded 
in  Chapter  XVII,  "  The  Design  of  Walls,  Bins,  and  Grain  Elevators," 
prove  the  following :  ( i )  the  horizontal  pressures  vary  as  the  depth  in 
very  shallow  bins;  (2)  in  deep  bins  the  horizontal  pressure  is  less  than 
the  vertical  pressure  (0.3  to  0.6  of  the  vertical  pressure,  depending  on 
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the  grain  and  many  other  conditions),  and  increases  very  little  after  a 
depth  of  2^  to  3  times  the  width  or  diameter  of  the  bin  is  reached;  (3) 
there  is  no  active  upward  component  in  a  granular  mass ;  (4)  the  flow 
from  an  orifice  in  the  side  of  a  deep  bin  varies  approximately  as  the 
cube  of  the  orifice  and  is  independent  of  the  head,  as  long  as  the  orifice 
is  well  covered. 

PRESSURE  ON  RETAINING  WALLS.— A  retaining  wall  is  a 

structure  which  sustains  the  lateral  pressure  of  earth  or  some  other 
granular  mass  which  possesses  some  frictional  stability.  The  pressure 
of  the  material  supported  will  depend  upon  its  condition,  specific  grav- 
ity, weight,  and  angle  of  repose  or  angle  of  internal  friction.  The 
pressure  on  a  retaining  wall  varies  as  the  depth,  and  as  in  the  case  of 
fluid  pressure  the  center  of  pressure  of  the  resultant  thrust  is  at  J  the 
height  of  the  wall  from  the  base. 

Rankine's  Formulas.^ — With  a  vertical  wall  and  a  horizontal  sur- 
charge, Fig.  176,  the  total  resultant  pressure  is 

I  -|-  sm  ^ 

where  w  is  the  weight  of  the  filling  in  pounds  per  cubic  foot,  h  is  the 
depth  of  the  wall  in  feet,  ^  is  the  angle  of  repose  of  the  filling,  and  P 


if 


r 


Fig.  176.  Fic,  177. 

is  the  resultant  pressure  on  the  wall  in  pounds.    The  resultant  pressure, 
P,  will  be  horizontal. 

For  a  vertical  wall  with  surcharge  at  an  angle  S,  Fig.  177,  the  pres- 
sure is  given  by  the  formula 


cos  8  -|-  V  cos*  S  —  cos*  ^ 
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Where  8  is  equal  to  ^,  formula  (96a)  becomes 

P  =  iwh*cos4>  (96  b) 

The  resultant  pressure,  P,  is  parallel  to  the  inclined  top  surface. 

Inclined  Retaining  WaU. — The  pressure  on  an  inclined  retaining 
wall  may  be  calculated  by  means  of  the  ellipse  of  stress — see  the  au- 
thor's "  The  Design  of  Walls,  Bins  and  Grain  Elevators."  The  pres- 
sure on  an  inclined  retaining  wall  may  also  be  calculated  by  means  of 
the  graphic  solution  shown  in  Fig.  179  if  the  direction  of  the  thnist 


Fia  178.    Pressure  on  an  Inclined  Retaining  Wall. 

be  known.  From  Rankine's  theory  we  know  that  the  resultant  pres- 
sure on  a  vertical  retaining  wall  is  always  parallel  to  the  top  surface 
where  the  surcharge  is  level  or  is  inclined  upwards  away  from  the  wall. 
The  pressure  on  a  retaining  wall  inclined  away  from  the  filling  may 
then  be  calculated  as  follows : 

In  Fig.  178  the  retaining  wall  ACDB  sustains  the  pressure  of  a 
filling  having  an  angle  of  repose  ^,  and  sloping  up  away  from  the  top 
of  the  wall  at  an  angle  8.  Calculate  P'  the  pressure  on  the  plane  E-B 
by  means  of  formula  (96a).  P'  acts  at  a  point  ^EB  above  B  and  is 
parallel  to  the  top  surface  DE,  Let  the  weight  of  the  triangle  of  filling 
DEE  be  C,  which  acts  through  the  center  of  gravity  of  the  triangle 
and  intersects  P'  at  point  0.  Then  P„  the  resultant  of  P'  and  G,  will 
be  the  resuttant  pressure  at  0,  and  makes  an  angle  z  with  a  normal  to 
the  back  of  the  wall,  and  an  angle  S  +  s — 90°  with  the  horizontal. 
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Graphic  Method. — If  the  angle  z,  the  angle  between  the  back  of 
the  wall  and  a  normal  to  the  wall,  is  known,  the  resultant  pressure  on 
a  wall  may  be  calculated  by  a  graphic  method.  Fig.  179,  based  on  the 


c"' 

Fig.  179.    Graphic  Solution. 


"tiieory  of  a  wedge  of  maximum  thrust."  The  graphic  method  will 
be  described — the  proof  of  the  method  is  given  in  "  The  Design  of 
Walls,  Bins  and  Grain  Elevators." 

In  Fig.  179  the  retaining  wall  AB  sustains  the  pressure  of  the  filling 
with  a  surcharge  S  and  an  angle  of  repose  ^.  It  is  required  to  calcu- 
late the  resultant  pressure  P. 

The  graphic  solution  is  as  follows:  Through  B  in  Fig.  179  draw  BM 
making  an  angle  with  BF, the  normal  to  i4D,equal  to  \^^9-\-b  —  90°, 
the  angle  that  P  makes  with  the  horizontal.  With  diameter  ^O  describe 
Arc  ACD.  Draw  MC  normal  to  AD  and  with  A  as  a  center  and  a  radius 
AC  describe  arc  CN.  Then  AN  =  y,  AM  =  b  and  y=-\/a-b.  Draw 
EN  parallel  to  BM.  With  W  as  a  center  and  radius  EN,  describe  arc 
£5".     Then  AE  is  the  trace  of  the  plane  of  rupture,  and  P  ^=  area  SEN -a: 

Wall  with  a  Loaded  Pilling. — In  Fig.  180  the  wall  is  loaded  with 
a  uniformly  distributed  load.  Calculate  /i,  by  dividing  the  loading  per 
square  foot  by  if.  Let  A-f-/i,^i/.  Then  the  resultant  pressure,  P, 
and  the  point  of  application  of  the  resultant  thrust  will  be  as  shown  in 
Fig.  180,  in  which  K  is  a.  coefficient  depending  upon  angle  of  repose,  ^, 
of  the  material,  the  angle  8,  and  the  surcharge  S,  formula  (9?). 
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Pressure. — It  will  be  seen  that  for  all  cases  the  resultant  pressure  on 
the  back  of  the  wall  will  be  given  by  the  formula 

P  =  ^wh''-K  (97) 

Where  K  is  the  ratio  of  the  horizontal  to  the  vertical  pressure,  and 
is  independent  of  the  weight  of  the  filling  or  the  height  of  the  wall,  and 
depends  upon  the  inclination  of  the  back  of  the  wall,  6,  the  angle  of 
repose,  ^,  the  angle  of  surcharge,  8,  and  the  angle  that  the  resultant 
thrust  makes  with  a  normal  to  the  back  of  the  wall,  s.  For  any  par- 
ticular case,  K  will  be  a  constant  and  the  unit  pressure  at  any  point 
win  vary  as  the  height  h.     In  Fig.  181  the  resultant  pressure,  P,  is  rep- 


@  (b)  (0) 


resented  by  the  area  of  the  shaded  triangles,  and  the  center  of  pressure 
will  be  at  \h  from  the  base,  the  same  as  for  fluid  pressure. 
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Stability  of  Retaining  Walls. — ^A  retaining  wall  must  be  stable  ( i ) 
against  overturning,  (2)  against  sliding,  and  (3)  against  crushing  the 
masonry  or  the  foundation. 

The  factor  of  safety  of  a  retaining  wall  is  the  ratio  of  the  weight 
of  a  filling  having  the  same  angle  of  internal  friction  that  will  just 
cause  failure  to  the  actual  weight  of  the  filling  For  a  factor  of  safety 
of  2  the  wall  would  just  be  on  the  point  of  failure  with  a  filling  weigh- 
ing twice  that  for  which  the  wall  is  built. 

1.  Overturning. — In  Fig.  182,  let  P,  represented  by  OP',  be  the 
resultant  pressure  of  the  earth,  and  W,  represented  by  OIV,  be  the 
weight  of  the  wall  acting  through  its  center  of  gravity.  Then  E,  rep- 
resented by  OR,  will  be  the  resultant  pressure  tending  to  overturn 
the  wall. 

Draw  05"  through  the  point  A.  For  this  condition  the  wall  will 
be  just  on  the  point  of  overturning,  and  the  factor  of  safety  against 
overturning  will  be  unity.    The  factor  of  safety  for  E  =  OR  will  be 

f^=SW/RW  (98) 

2.  Sliding, — In  Fig.  182  construct  the  angle  HiG  equal  to  <^',  the 
angle  of  friction  of  the  masonry  on  the  foundation.  Now  if  E  passes 
through  I,  and  takes  the  direction  OQ,  the  wall  will  be  on  the  point  of 
sliding,  and  the  factor  of  safety  against  sliding,  /,,  will  be  unity.  For 
E  =  OR,  the  factor  of  safety  against  sliding  will  be 

U  =  QM'/RM  (99  a) 

Retaining  walls  seldom  fail  by  sliding. 

The  factor  of  safety  against  sliding  is  sometimes  given  as 

P 
A  =  ;^tanc^'.  (99  b) 

where  H  is  the  horizontal  component  of  P.     Equations  (99  a)   and 
(99b)  give  the  same  values  only  where  the  resultant  P  is  horizontal. 

3.  Crushing, — In  Fig.  182  the  load  on  the  foundation  will  be  due  to 
a  vertical  force  F,  which  produces  a  uniform  stress  pi  =  F/d  over  the 
area  of  the  base,  and  a  bending  moment  =  F-&,  which  produces  com- 
pression, />2,  on  the  front  and  tension,  po,  on  the  back  of  the  foundation. 
The  sum  of  the  tensile  stresses  due  to  bending  must  equal  the  sum 
of  the  compressive  stresses,  =^^2^.     These  stresses  act  as  a  couple 
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through  the  centers  of  gravity  of  the  stress  triangles  on  each  side,  and 
the  resisting  moment  is 

M'=ip,-d-y=y,-<P  (a) 

But  the  resisting  movement  equals  the  overturning  moment  and 


Fia.  182. 

iP,d-  =  Fb, 
and 

6Fh 

The  total  stress  on  the  foundation  then  is 

P  =  Px±P,  =  p,{i±6b/d)  (99c) 

Now  if  6^  Jrf,  we  will  have 

P=:2p„  or  O. 

In  order  therefore  that  there  be  no  tension,  or  that  the  compression 
never  exceed  twice  the  average  stress,  the  resultant  should  never  strike 
outside  the  middle  third  of  the  base. 
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If  the  resultant  Strikes  outside  of  the  middle  third  of  a  wall  in  which 
the  masonry  can  take  no  tension,  the  load  will  all  be  taken  by  compres- 
sion and  can  be  calculated  as  follows : 


In  Fig.  183  the  resultant  F  will  pass  through  the  center  of  gravity 
of  the  stress  diagram,  and  will  equal  the  area  of  the  diagram. 

and 

p  =  2F/2,a  (100) 

which  gives  a  larger  value  of  p  than  would  be  given  if  the  masonry 
could  take  tension. 

General  Principles  of  Design. — The  overturning  moment  of  a 
masonry  retaining  wall  of  gravity  section  depends  upon  the  weight  of 
the  filling,  the  angle  of  internal  friction  of  the  filling,  the  surcharge, 
and  the  height  and  shape  of  the  wall.  The  resisting  moment  depends 
upon  the  weight  of  the  masonry,  the  width  of  the  foundation,  and  the 
cross-section  of  the  wall.  The  most  economical  section  for  a  masonry 
retaining  wail  is  obtained  when  the  back  slopes  toward  the  filling.  In 
cold  localities,  however,  this  form  of  section  may  be  displaced  by  heav- 
ing due  to  the  action  of  frost,  and  it  is  usual  to  build  retaining  walls 
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With  a  slight  batter  forwards.  The  front  of  the  wall  is  usually  built 
with  a  batter  of  from  ^  in.  to  i  in.  in  12  in.  In  order  to  keep  the 
center  of  gravity  of  the  wall  back  of  the  center  of  the  base  it  is  neces- 
sary to  increase  the  width  of  the  wall  at  the  base  by  adding  a  projection 
to  the  front  side.  Where  the  wall  is  built  on  the  line  of  a  right  of  way 
it  is  sometimes  necessary  to  increase  the  width  of  the  base  by  putting 
the  projection  on  the  rear  side,  making  an  L-shaped  wall.  The  weight 
of  the  filling  upon  the  base  and  back  of  the  wall  adds  to  the  stability 
of  the  wall.  Where  the  wall  is  built  to  support  an  embankment  expen- 
sive to  excavate,  it  is  often  economical  to  make  the  wall  L-shaped,  with 
all  the  projection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  walls  great  care  must  be  exer- 
cised in  selecting  the  proper  values  of  w  and  <^,  and  the  conditions  of 
surcharge  It  will  be  seen  from  the  preceding  discussion  that  the  value 
of  the  thrust  increases  very  rapidly  as  <^  decreases,  and  as  the  surcharge 
increases.  Where  the  wall  is  to  sustain  an  embankment  carrying  a 
railroad  track,  buildings,  or  other  loads,  a  proper  allowance  must  be 
made  for  the  surcharge. 

The  filling  back  of  the  wall  should  be  deposited  and  tamped  in 
approximately  horizontal  layers,  or  with  layers  sloping  back  from  the 
wall;  and  a  layer  of  sand,  gravel  or  other  porous  material  should  be 
deposited  between  the  filling  and  the  wall,  to  drain  the  filling  down- 
wards. To  insure  drainage  of  the  filling,  drains  should  be  provided 
back  of  the  wall  and  on  top  of  the  footing,  and  "  weep-holes  "  should 
be  provided  near  the  bottom  of  the  wall  at  frequent  intervals  to  allow 
the  water  to  pass  through  the  wall.  With  walls  from  15  to  25  feet 
high,  it  is  usual  to  use  "weepers"  4  inches  in  diameter  placed  from 
15  to  20  feet  apart.  The  "  weepers  "  should  be  connected  with  a  longi- 
tudinal drain  in  front  of  the  wall.  The  filling  in  front  of  the  wall 
should  also  be  carefully  drained. 

The  permissible  point  at  which  the  resultant  thrust  may  strike  the 
base  of  the  foundation  will  depend  upon  the  material  upon  which  the 
retaining  wall  rests.  When  the  foundation  is  solid  rock  or  the  wall  is 
on  piles  driven  to  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
outside  the  middle  third  with  little  danger  to  the  stability  of  the  wall. 
When  the  retaining  wall,  however,  rests  upon  compressible  material 
the  resultant  thrust  should  strike  at  or  inside  the  center  of  the  base. 
Where  the  resultant  thrust  strikes  outside  of  the  center  of  the  base, 
any  settlement  of  the  wall  will  cause  the  top  to  tip  forward,  causing 
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unsightly  cracks  and  local  failure  in  many  cases,  and  total  failure  where 
the  settlement  is  excessive  Where  extended  footings  are  used  it  may 
be  necessary  to  use  some  reinforcing  steel  to  prevent  a  crack  in  the 
footing  in  line  with  the  face  of  the  wall. 

Plain  masonry  walls  should  be  built  in  sections,  the  length  depend- 
ing upon  the  height  of  the  wall,  the  foundation  and  other  conditions. 

Under  usual  conditions  the  length  of  the  sections  should  not  exceed 
40  ft.,  30  ft.  sections  being  preferable,  and  in  no  case  should  the  length 
of  the  section  exceed  about  three  times  the  height.  Separate  sections 
should  be  held  in  line  and  in  elevation,  either  by  grooves  in  the  masonry 
or  by  means  of  short  bars  placed  at  intervals  in  the  cross-section  of 
the  wall,  fastened  rigidly  in  one  section  and  sliding  freely  in  the  other. 
The  back  of  the  expansion  joints  should  be  water-proofed  with  3  or  4 
layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  about  30 
inches  wide,  and  the  pitch  and  the  burlap  should  be  applied  as  on  tar 
and  gravel  roofs.  The  joints  between  the  sections  of  a  retaining  wall 
on  the  front  side  should  be  from  |  to  J  of  an  inch  in  width,  and  should 
be  formed  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to 
the  forms  while  the  concrete  is  being  placed.  Where  there  is  danger 
of  the  water  in  the  filling  percolating  through  the  wall  or  in  an  alkali 
country,  the  surface  of  the  back  of  the  wall  should  be  coated  with  a 
water-proof  coating.  The  most  satisfactory  water-proof  coating  known 
to  the  author  is  a  coal  tar  paint  made  by  mixing  refined  coal  tar,  Port- 
land cement  and  kerosene  in  the  proportions  of  16  parts  refined  coal 
tar,  4  parts  of  Portland  cement  and  3  parts  of  kerosene  oil.  The  Port- 
land cement  and  kerosene  should  be  mixed  thoroughly  and  the  coal  tar 
then  added.  In  cold  weather  the  coal  tar  may  be  heated  and  additional 
kerosene  added  to  take  account  of  the  evaporation.  This  paint  not  only 
covers  the  surface  but  combines  with  it,  so  that  two  or  three  coats  are 
sometimes  required.  While  the  surface  of  the  concrete  should  be  dry, 
coal  tar  paint  will  adhere  to  moist  or  wet  concrete.  In  building  retain- 
ing walls  in  sections,  the  end  of  the  finished  section  should  be  coated 
with  coal  tar  paint  to  prevent  the  adhesion  to  the  next  section. 

DESIGN  OF  RETAINING  WALLS.— The  design  of  masonry 
retaining  walls  will  be  illustrated  by  the  design  of  the  retaining  walls 
for  West  Alameda  Avenue  Subway,  taken  from  the  author's  "The 
Design  of  Walls,  Bins  and  Grain  Elevators,"  second  edition. 

Design  of  Retaining  Walls  for  West  Alameda  Avenue  Subway, 
Denver,  Colorado. — The  height  of  the  walls  varied  from  8'  to  29'  3", 
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while  the  foundation  soil  varied  from  a  compact  gravel  to  a  mushy  clay. 
The  design  of  the  maximum  section,  which  rests  on  a  compact  gravel, 
will  be  given.  The  concrete  was  mixed  in  the  proportion  of  i  part 
Portland  cement,  3  parts  sand  and  5  parts  screened  graveL  Crocker 
and  Ketchum,  Denver,  Colo.,  were  the  consulting  engineers,  the  author 
being  in  charge  of  the  design.    The  wall  is  shown  in  Fig.  184. 

The  following  assumptions  were  made:  Weight  of  concrete,  150 lbs. 
per  cu.  ft.;  weight  of  filling,  w=  100  lbs  per  cu.  ft;  angle  of  repose 
of  filling,  li:  I  (<^  =  33**  40')  ;  surcharge,  600  lbs.  per  sq.  ft,  equivalent 
to  6  feet  of  filling;  maximum  load  on  foundation,  6,000  lbs.  per  sq.  ft. 

Solution. — After  several  trials  the  following  dimensions  were  taken : 
Width  of  coping  2*  6",  thickness  of  coping  i'  6",  batter  of  face  of  wall 
Y  in  12",  batter  of  back  of  wall  3^"  in  12",  width  of  base  15'  2f" 
(ratio  of  base  to  height  =3 0.52),  front  projection  of  base  4'  o",  other 
dimensions  as  shown  in  Fig.  184.  The  calculations  were  made  for  a 
section  of  the  wall  one  foot  in  length. 

The  property  back  of  the  wall  will  probably  be  used  for  the  storage 
of  coal,  etc.,  and  it  was  assumed  that  the  surcharge  came  even  with  the 
back  edge  of  the  footing  of  the  wall.  The  resultant  pressure  of  the 
filling  on  the  plane  A-2  was  calculated  by  the  graphic  method  of  Fig. 
179  and  Fig.  180,  and  was  found  to  be  P'  =  17,290  lbs.  The  weight  of 
the  filling  in  the  wedge  back  of  the  wall  is  W^'=  16435  ^^^-y  acting 
through  the  center  of  gravity  of  the  filling.  The  resultant  of  P*  and 
W'  is  P= 23,850  lbs.  =  the  resultant  pressure  of  the  filling  on  the  back 
of  the  wall.  The  weight  of  the  masonry  is  PF  =  33,i44  lbs.,  acting 
through  the  center  of  gravity  of  the  wall,  and  the  resultant  of  P  and  W 
is  £  =  52,510  lbs.  =  the  resultant  pressure  of  the  wall  and  the  filling 
upon  the  foundation.  The  vertical  component  of  E  is  F= 49,580  lbs., 
and  cuts  the  foundation,  &  =  2.i  feet  from  the  middle. 

1.  Stability  Against  Overturning. — Theline  OD  in  this  case  is  nearly 
parallel  to  the  line  QIV  which  brings  the  point  S  in  Fig.  184  at  a  great 
distance  from  the  point  IV.  The  factor  of  safety  against  overturning 
was  calculated  on  the  original  drawing  and  found  to  be  /o  >  25. 

2.  Stability  Against  Sliding, — ^The  coefficient  of  friction  of  the  ma- 
sonry on  the  footing  will  be  assumed  to  be  tan  <^'  =  0.57  and  <f>'  =  ^o^. 
Through  O,  Fig.  184,  draw  OQ,  cutting  the  base  of  wall  ^A  at  6,  and 
making  an  angle  <^'=30°  with  a  vertical  line  through  6.  Then  the 
factor  of  safety  against  sliding  will  be 

f,  =  QMyRM  =  2,5 
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This  is  ample  as  the  resistance  of  the  filling  in  front  of  the  toe  will 
increase  the  resistance  against  sliding. 

3.  Stability  Against  Crashing. — In  Fig,  184  the  direct  pressure  will 
be  /',=49,58o/i5.2i  =3,220  lbs.  per  sq,  ft 


Fig.  i&t     Retaining  Waii,  West  Alameda  Avenub  Subway. 
The  pressure  due  to  bending  will  be 

/',=  ±6F-V^'^±  (6  X  49,580  X2.r)/23i4=:±  2,700  lbs.  per  sq. 
ft.,  and  the  maximum  pressure  is 

p  =!  3,220  +  2,700=  +  5,920  lbs.  per  sq.  ft. 
and  the  minimum  pressure  is 

^  =  3,220—2,700^+520  lbs.  per  sq.  ft. 

The  allowable  pressure  was  6,000  lbs.  per  sq.  ft.,  so  that  the  pressure 
is  safe  for  a  compact  gravel.    Where  the  walls  were  supported  on  the 
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mushy  clay  it  was  necessary  to  extend  the  projection  of  the  footing  on 
the  front  side  and  to  bring  the  resultant  F  to  the  center  of  the  wall. 

4.  Upward  Pressure  on  Front  Projection  of  Foundation. — ^Where 
projections  are  used  on  the  foundations  of  retaining  walls  it  may  be 
necessary  to  reinforce  the  base  to  prevent  the  projection  breaking  off 
in  line  with  the  face  of  the  wall.  The  bending  moment  of  the  upward 
pressure  about  the  front  face  of  the  wall  from  Fig.  184  is 

M  =  i(5,g20  + 4,120)  X4X2.1  X12 
=  506,000  in.-lbs. 

The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be 

f=M'C/r=M'd/2l=  (506,000  X  27)7157464 
=  88  lbs.  per  sq.  in. 

Since  the  ultimate  strength  of  the  concrete  in  tension  is  approxi- 
mately 200  lbs.  per  sq.  in.,  no  reinforcing  is  required.  However,  f" 
n  bars  were  placed  18"  centers  and  3"  from  the  bottom  of  the 
foundation. 

Data. — The  coefficients  of  friction  and  other  data  for  various  mate- 
rials are  given  in  Table  XX.  The  conditions  of  surface  and  amount  of 
moisture  cause  wide  variations  in  the  coefficients. 


TABLE  XX  a. 
Coefficients  of  Friction. 


Matcriab. 

Dry  masonry  on  dry  masonry... 
Masonry  on  masonry  with  wet 

mortar. 

Timber  on  stone 

Iron  on  stone 

Timber  on  timber 


Coefficients. 


0.6 

to  a; 

0.75 

0.4 

0.3 

to  0.7 

0.2 

to  0.5 

Materials. 

Masonry  on  dry  clay. 

Masonry  on  moist  clay. , 

Earth  on  earth , 

Hard  brick  on  hard  brick , 

Concrete  blocks  on   concrete 
blocks. 


Coeffidenta. 


0.5    to  0.6 

0.33 

0.25  to  I.O 

0.7 

0.65 


TABLE  XX  b. 
Angles  of  Repose,  ^,  for  Materials. 


V^ftfUU, 

4 

Materials. 

4 

Earth,  loam 

3o«>  to  450 
25*»  to  350 
30*  to  45<» 
15®  to  30** 

Clay 

25®  to  45*> 
30**  to  40® 
25  0  to  40® 
30®  to  45<» 

Sand,  dry 

Gravel 

Sand,  moist 

Cinders 

Sand,  wet 

Coke 
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TABLE  XX  c 
Allowable  Pressure  on  Foundations. 


Material. 


Soft  clay. 

Ordinary  clay  and  dry  sand  mixed  with  clay. 

Dry  sand  and  clay. 

Hard  clay  and  firm,  coarse  sand 

Firm,  coarse  sand  and  gravel 

Bed  rock 


Pressure  in  Tons  per  Sq.  Fu 


I  to  2 

2  to  3 

3  to  4 

4  to  6 

6  to  8 

15  and  ap. 

TABLE  XX  d. 
Allowable  Pressure  on  Masonry. 


Materials. 

Pressure  in  T<»s  per  Sq.  Ft. 

Common  brick.  Portli^nd  cement  mortar  .x.^^.......... 

12 

Pa vinff  brick,  Portland  c^nient  inortar ..,...*.....«. 

15 
12 

Rubble  masonry.  Portland  cement  mortar 

Sandstone,  first  class  masonry.. .....*....... 

20 

Limestone.    "      "         "       

25 
30 

20 

Granite,        "      "         *«       

Portland  cement  concrete,  1-2-4  '......»'.......... 

««           «•            •«         i-'i-S 

«j  ^•••••••••••••••••••••••••••- •••••■ •••••• 

TABLE  XX  c 
Weight,  Specific  Gravity  and  Crushing  Strength  of  Masonry 


Materials. 


Sandstone. 

Limestone. 

Trap 

Marble 

Granite 

Paving  brick,  Portland  cement 

Stone  concrete,  Portland  cement 

Cinder  concrete,  Portland  cement. . . . . 


Weight  in  Pounds 
per  Cnbic  Foot. 


ISO 
160 
x8o 
16S 
I6S 
ISO 
140  to  150 
112 


Specific 
Gravity. 


2.4 
2.6 

2.9 

2.7 

2-7 

2.4 

2.2  to  2.4 
1.8 


Crushing  Strength  In 
Pounds  per  Square  Inch 


4,000  to  15,000 
6,coo  to  20,000 

19,000  to  33,000 
8,000  to  20,000 
8,000  to  20,000 
2,000  to  6,000 
2,500  to  4,000 
1,000  to    2,500 


TABLE  XX  f. 
Weight  of  Different  Materials. 


Materials. 

Wt.  per  Cn.  Ft.  Lbs. 

Materials. 

Wt.pcrCa.  Ft.  Lba. 

Loam,  loose.  

75  to   90 

90  to  100 
90  to  no 

Sand,  wet 

no  to  120 

IxMim,  rammed 

Gravel  

120  to  135 
105  to  120 

Sand,  dry........^..., ......... 

Soft  flowing  mud... 

For  specifications  for  concrete,  plain  and  reinforced,  see  Appen- 
dix III. 
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For  the  design  of  reinforced  concrete  retaining  walls,  specifications 
for  retaining  walls  and  other  data,  see  the  author's  "The  Design  of 
Walls,  Bins  and  Grain  Elevators,"  second  edition. 

STRESSES  IN  BIN  WALLS-— The  problem  of  the  calculation 
of  pressures  on  bin  walls  is  similar  to  the  problem  of  the  calculation  of 
pressures  on  retaining  walls ;  but  in  the  case  of  bin  walls  the  material 
is  limited  in  extent  and  the  condition  of  static  equilibrium  is  disturbed 
by  drawing  the  material  from  the  bottom  of  the  bin.  For  plane  bin 
walls  where  the  plane  of  rupture  cuts  the  free  surface  of  the  material 
(shallow  bins),  the  formulas  developed  for  retaining  walls  are  directly 
applicable  if  friction  on  the  wall  is  considered.  The  graphic  solution 
will  be  found  the  simplest  and  most  direct  for  any  particular  case.  The 
following  analyses  •of  the  calculations  of  stresses  in  bins  have  been 
abstracted  from  the  author's  "  The  Design  of  Walls,  Bins  and  Grain 
Elevators/'  second  edition. 

STRESSES  IN  SHALLOW  BINS.— The  problem  of  the  calcu- 
lation of  the  pressures  on  bin  walls  is  the  same  as  the  problem  of  the 
calculation  of  pressures  on  retaining  walls.  The  forces  acting  on  bin 
walls  depend  upon  the  weight,  angle  of  repose,  moisture,  etc.,  of  the 
material,  which  are  variable  factors,  but  are  less  variable  than  for  the 
filling  of  retaining  walls. 

Algebraic  Solution. — The  same  nomenclature  will  be  used  as  in 
retaining  walls  txcept  that  P'  will  be  used  to  indicate  the  pressure 
obtained  by  means  of  Cain's  formulas  when  JEr  =  <^',  N'  will  indicate  the 
normal  component  of  P\  and  N  will  indicate  the  normal  pressure  on  the 
wall  when  4/=o.     This  analysis  applies  to  shallow  bins,  only.* 

Case  /.     Vertical  Wall,  Surface  Lez^el.    Angle  z  =  4>\ 

p'-\«'f — -, — r'* Coo 


'-*\^-^^^^^^) 


iV'  =  P'.cos<^'  (102) 

If  <^'=<^ 

cos  6 

^         (i+sin<^V2)* 

N' =  P'' cos  ifp  (102O 

*A  shallow  bin  is  one  where  the  plane  of  rupture  cuts  the  free  surface  of 
the  filling. 
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If  if/=o,  which  corresponds  to  a  smooth  wall. 


Fig.  i8s. 


(los) 


TABLE   XXI. 
Constants  for  Steel  Plate  Bins,  Case  i. 


MftteriaL 

DegTMS. 

Degrees. 

Lbs.  Per 
Cu.  Ft, 

Lbs. 

Lbs. 

Lbs. 

Bituminous  coal.... 

35 

27 

34 
40 

18 
16 
18 

31 

50 

90 
40 

6.  i3^« 

8.73>l« 
ii.5o>l« 

4. 02  A* 

S.83A« 

8.39^" 
io.93^« 

3.44^" 

6.75^« 
9.77>»" 

l2.72/4« 

4.34^« 

Anthracite  coal 

Sand 

Ashes 

Coj^  2.    Vertical  Wall,  Surface  Surcharged  at  Angle  8.    Angle  2  ==  <^'. 


/"  =  Jw; .  A* 


cos*^ 


If 


COS  <l> 


'(■+>! 


[sin  {4>  +  4>')  sin  (<^  —  B) 


COS  ^'  •  cos  S 


iV'==.P'.cos<^' 
8  =  <^ 


) 


•   (106) 


(106') 


If 


P'  =  iK/-A' 


cos'  <f> 
cos<^' 


iV' = P' .  cos  <^' =  iw;  • /i*  •  cos*  <^ 
<^'  =  o 


(107) 


(108) 


i\r=|a'./t*.cos*  ^ 


(109) 
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Fig.  186. 


TABLE   XXII. 
Constants  for  Steel  Plate  Bins,  Case  2.    9 


=  0. 


Material. 


Bituminous  cool 

Anthracite  cool 

Sand 

Ashes 


Degrees. 


Degrees. 


35 

34 
40 


18 
16 
18 

31 


JV 

Lbs.  Per 

Cu.  Ft. 


50 

90 
40 


Lbs. 


17  6$  A* 
21  4SA* 

32.  SO'** 
13- 70^* 


JV 
Lbs 


16. 7SA* 
20.50^' 

3090^* 
ii.73i« 


Lbs. 


i6.75;i« 

20.50^> 

30.90A* 
ii.73>*« 


Case  3.     Vertical  Wall,  Surcharge  Negative =&,    Angle  s 

cos*<f> 


=^'. 


iW'/f 


COS 


4>'[l  +  ^l 


sin(<^  +  <^')s«n(<^  +  ^)V 


cos  ^'  •  COS  S 


N'=P'cos<f>' 


) 


(no) 


(III) 


If 


18 


Fia  187. 


<^'=o 


W=Jw.A» 


cos*<^ 


OW 


sin  (}>  sin  (</>  +  S)  \  * 


cos 


(112) 
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TABLE   XXIII. 
Constants  for  Steel  Plate  Bins,  Case  3.    9  =  —  4>. 


Material. 

Degrees. 

Degrees. 

Lbs.  Per 
Cu.  Ft. 

Lb«. 

Lba. 

N 

Lbs. 

Bituminous  ooal 

35 
27 

34 
40 

18 
16 
18 

31 

50 

52 
90 

40 

4.49/4« 
6.64>&> 

8.44>i* 
2.85;fcs 

4.27/4* 
6.38>l> 
8.oo>|s 

2.45^" 

5.I3>I« 

Anthracite  coal 

Sand 

Ashes 

7.64>l« 
9.6i>&s 

3-23>** 

Caj^  4.    Wall  Sloping  Outward.    $  <  90"  +  4>'.    Surface  Ln-el. 


Jw.A» 


sin'  (0  -  <^) 


•    / . .       ii^    .  .  /I  A"  /sin  (<A  +  A')  sin  9 \ 


("3) 


N'=P'cos<l>' 


("4) 


Fia  iSa 


Case  5.    fFa//  Sloping  Outward.   0  <  90"  +  <t>'-   Surface  Surcharged. 


P'=,lw.^ 


sin*  {0  -  if>) 


sin  (^' +  d)  sin*  ^  (  i  + 


/  Isin  (»  +  ^0  sin  (^  -  8)  \ 

V    "^  \  sin  (./.'  + ^)  sin  (^  -  a)  y 


i    ("5) 


N'=P' -cos  <!>' 


(116) 


Cajf  d.     PTa//  Sloping  Outward,    tf  >  90"  +  <^'.    Surface  Level. 


P  =  Jw .  A* .  tan*  (  45"  - 1  j 
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Fia  189. 


W^  weight  t^ABC^ 


w  •  tan  6 .  h^ 


E^VW^  +  P* 


«  Jw  •  A»  ^tan*  0  +  tan^  r 45°  —  *  j 


tan  (^  +  ^  —  90°)  « 


tan^ 


tan«(4S°-|) 
O  =  £cosjsf 
r=£-sinr 


(117) 


(118) 


Fig.  190. 

STRESSES  IN  SHALLOW  BINS,  Graphic  Solution.— The 
graphic  solution  will  be  given  for  two  cases  which  frequently  occur  in 
practice. 

Graphic  Solution.  Hopper  Bin,  Level  Full. — ^The  calculation  of 
stresses  in  bins  by  means  of  graphics  will  be  illustrated  by  the  follow- 
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ing  problem  taken  from  "  The  Design  of  Walls,  Bins  and  Grain  Eleva- 
tors." The  bin,section  of  which  is  shown  in  Fig.  191,13  filled  with  coal 
weighing  58  lbs.  per  cu,  ft,  and  having  an  angle  of  repose  ^^^30°. 
The  total  pressure  on  the  plane  A~H  is 

acting  horizontally  through  a  point  12  ft.  below  the  top  surface.  Now, 
to  find  the  pressure  P^  on  the  plane  G~A,  produce  P,  until  it  intersects 


■^*^ 


[, ji'-O".-^ -^ 


Pic.  191. 

the  line  0-2^the  weight  of  triangle  AHG^  10440  lbs.  at  0,  and  by 
constructing  0-i=P,=  10,860  lbs.  P,  is  parallel  to  E  in  Fig.  191. 
The  normal  pressure  on  A-g  is  9,900  lbs.  Now  A-i  =9,900  lbs.  acts 
through  the  center  of  gravity  of  triangle  AG4,  and  is  equal  to  the  area 
of  AG4X  w.  The  normal  unit  pressure  at  A  is  733  lbs.  per  sq.  ft., 
and  the  normal  unit  pressure  at  B  is  320  lbs.  per  sq.  ft.  The  normal 
pressure  on  AB  acts  through  the  center  of  gravity  of  the  shaded  area, 
and  is  JV=;  7,850  lbs.     Also  by  construction  £^8,600  lbs.     The  pres- 
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k ^ 32''0"^ 


I 


Fig.  iga 


( 
I 

^  .5      h/'f^A/  ofC^t/  56  lbs,  per  cu  ff. 
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sure  on  bottom  A-F  is  equal  to  i8  X  S8=  1,044  lbs.  per  sq.  ft    The 
pressure  on  the  wall  C-B  is 

I  —  sinci 
P,  =  Jzf/.  A«      ,     .    ;  =  620  lbs. 
l+sin^ 

Calculation  of  Stresses  in  Framework. — The  loads  on  the  bin 
walls  are  carried  by  a  transverse  framework  as  shown  in  Fig.  192, 
spaced  1/  o"  center  to  center  The  loads  at  the  joints  act  parallel  to 
the  pressures  as  previously  calculated,  and  the  loads  can  be  calculated 
in  the  same  manner  as  for  a  simple  beam  loaded  with  a  similar  loading. 
The  stresses  are  calculated  by  graphic  resolution  and  by  algebraic 
moments  as  shown  in  Fig.  192  and  Fig.  193. 

Hopper  Bin,  Top  Surface  Heaped. — The  bin  in  Fig.  194  is  heaped 
at  the  angle  of  repose,  <^=30®.    To  calculate  the  pressure  on  side 
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A-B,  proceed  as  follows:  Locate  points  G  and  H,  and  calculate  the 
horizontal  pressure  P^  =  7,680  lbs.,  acting  on  the  plane  H-K  at  ^HK 
above  H.  Pressure  P^  was  calculated  by  the  graphic  method  described 
in  Fig.  179.  Produce  Pj  until  it  intersects  at  O  the  line  of  action  of 
the  weight  of  the  triangle  GHK  acting  through  the  center  of  gravity 
of  the  triangle.  From  O  lay  off  O-i  =  IV=  19,900  lbs.,  acting  down- 
wards, and  from  i  lay  off  1-2  =  ^1  =  7,680  lbs.,  acting  to  the  left. 
Then  0-2  =  ^^  =  21,300  lbs.  Now  P2=-.area  triangle  6GH-W,  and 
£=jarea  8-5-^-5«/=  11,340  lbs.  Force  E  acts  through  the  center 
of  gravity  of  area  8~B-A-y,  The  horizontal  pressure  on  plane  C-B 
=  1,400  lbs.  =  area  s^e'n'-w.  The  vertical  pressure  on  the  left-hand 
side  of  the  bottom  A-F  is  7,480  lbs.,  acting  through  the  center  of 
gravity  of  the  pressure  polygon.  The  vertical  unit  pressure  at  A  is 
1,412  lbs.  per  sq.  ft. 

STRESSES  IN  DEEP  BINS.— Where  the  plane  of  rupture  cuts 
the  sides  of  the  bin  the  solution  for  shallow  bins  does  not  apply. 

Nomenclature. — The  following  nomenclature  will  be  used : 
<^=^the  angle  of  repose  of  the  filling; 
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the  angle  of  friction  of  the  filling  on  the  bin  walls ; 
tan <^  =  coefficient  of  friction  of  filling  on  filling; 
tan <^'  =  coefficient  of  friction  of  filling  on  the  bin  walls; 
angle  of  rupture; 
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w=:  weight  of  filling  in  lbs.  per  cu.  ft. ; 

F  =  vertical  pressure  of  the  filling  in  lbs.  per  sq.  ft; 

L  =3  lateral  pressure  of  the  filling;  in  lbs.  per  sq.  ft. ; 

A  =3  area  of  bin  in  sq.  ft. ; 

£7=3 circumference  of  bin  in  feet; 

/?  =  24/£/  =  hydraulic  radius  of  bin. 

Solution. — The  bin  in  (a)  Fig.  195,  has  a  uniform  area  A,  a  con- 
stant circumference  U,  and  is  filled  with  a  granular  material  weighing 
w  per  unit  of  volume,  and  having  an  angle  of  repose  ^.  Let  V  be  the 
vertical  pressure,  and  L  be  the  lateral  pressure  at  any  point,  both  V  and 
L  being  assumed  as  constant  for  all  points  on  the  horizontal  plane. 
(More  correctly  V  and  L  will  be  constant  on  the  surface  of  a  dome 
as  in  (ft).) 

The  weight  of  the  granular  material  between  the  sections  of  y  and 
y-\-dy  =  A-W'dy;  the  total  frictional  force  acting  upwards  at  the  cir- 
cumference will  ht==L-U'taLn<f>''dy;  the  total  perpendicular  pressure 
on  the  upper  surface  will  he=V'A;  and  the  total  pressure  on  the 
lower  surface  will  he={V -\-dV)A. 

Now  these  vertical  pressures  are  in  equilibrium,  and 

V.A  —  {V  +  dV)A+A'W'dy—L'U'taLnil>''dy=o 

*"^  dV^(w^L.Xzn4>'^\dy  (119) 

Now  in  a  granular  mass,  the  lateral  pressure  at  any  point  is  equal 
to  the  vertical  pressure  times  k,  a  constant  for  the  particular  granular 
material,  and 

Also  let  yy  =  7?  (the  hydraulic  radius),  and  tan^'=fi'. 
Substituting  the  above  in  ( 1 19)  we  have 


Now  let 


dV^i^w-~^Ady 


-7e--«  (120) 


and  dV  ,  ,      ^ 

fi^dy  (121) 
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Integrating  (121)  we  have 

log(w — n'V)= — n'y-\-C  (122) 


Now  if  y=o,  then  F-=o,  and  C=logtt;,  and  (122)  reduces  to 


and 


where  e  is  the  base  of  the  Naperian  system  of  logarithms.     Solving 
for  V  we  have 

r=^(i -/-•»)  (123) 

Substituting  the  value  of  n  from  (120),  we  have 

Now  if  A  be  taken  as  the  depth  of  the  granular  material  at  any 
point,  we  will  have 

7(1-'     '  )  ("5) 


Also  since 


L=k-V 


w-R  -*•'"* 

L^-j-i}-'     *   )  (126) 


Now  if  w  is  taken  in  lbs.  per  cu.  ft,  and  R  in  feet,  the  pressure  will 
be  given  in  lbs.  per  square  foot. 

Naperian  or  hyperbolic  logarithms  of  numbers  from  i  to  100  are 
given  in  Table  XXIV. 

Now  both  fi  and  k  can  only  be  determined  by  experiment  on  the 
particular  granular  material  and  kind  of  bin.  For  wheat  and  a  wooden 
bin  k  varies  from  0.4  to  0.6. 
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TABLE   XXIV. 
Hyperbolic  or  Naperian  Logarithms. 


i:. 

Los:. 

N. 

Log^. 

N. 

Lof. 

I.OO 

0.0000 

3. 65 

1.2947 

6.60 

I.887X 

1.05 

0.0488 

3.70 

1.3083 

6.70 

I.902X 

1. 10 

0-0953 

3.75 

I.3218 

6.80 

1.9169 

1.15 

0.139s  . 

3.80 

1.3350 

6.90 

X.9315 

1.20 

0.1823 

3.8S 

1.3481 

7.00 

X.9459 

1.25 

a  2231 

3.90 

I.3610 

7.20 

I.974I 

1.30 

a  2624 

3.95 

1.3737 

7.40 

2.0015 

1.35 

0.3001 

4.00 

1.3863 

7.60 

2.0281 

1.40 

0.3365 

4.05 

1.3987 

7.80 

2.0541 

1.45 

a37i6 

4.10 

Z.4IIO 

8.00 

2.07V4 

1.50 

0.4055 

4.15 

1.4231 

8.25 

2.110J 

1.55 

0.4383 

4.20 

1.4351 

8.50 

2.1401 

1.60 

a  4700 

425 

1.4469 

8.75 

2.1691 

1.65 

0.5008 

4.30 

1.4586 

9.00 

2.1972 

1.70 

0.5306 

4.35 

1.4701 

9.25 

2.2246 

1.75 

0.5596 

4.40 

14816 

9.50 

a.25r3 

1.80 

0.5878 

4.45 

1.4929 

9.75 

2.2773 
2.3026 

1.85 

0.6152 

4.50 

1.5041 

10.00 

X.90 

0.6419 

4.55 

I.5151 

11.00 

2.3979 

1.9S 

0.6678 

4.60 

I.5261 

12.00 

2.4849 

2.00 

0.6931 

4.65 

1.5369 

13.00 

2-5649 

2.05 

0.7178 

4.70 

1.5476 
1.5581 

14.00 

2.6391 

2.10 

0.7419 

4.75 

15.00 

2.7081 

315 

0.7655 

4.80 

1.5686 

16.00 

2.7726 

2.20 

0.7885 

4.85 

1.5790 

17.00 

2.8332 

2.25 

0.8109 

4.90 

1.5892 

18.00 

2.8904 

a.  30 

0.8329 

4-95 

15994 

19.00 

2.9444 

2.35 

0.8544 

5.00 

1.6094 

20.00 

2.9957 

2.40 

0.8755 

5.05 

I.6194 

21.00 

30445 

2.45 

0.896Z 

5.10 

1.6292 

22.00 

3.0910 

2.50 

0.9163 

5.15 

1.6390 

23.00 

31355 

2.55 

C.9361 

5.20 

1.6487 

24.00 

3.1781 

2.60 

0.9555 

5.25 

1.6582 

25.00 

3.2189 

a.  65 

0.9746 

5.30 

1.6677 

26.00 

3.2581 

2.70 

0.9933 

5-35 

I.6771 

27.00 

3.2958 

2.75 

1.0116 

5.40 

1.6864 

28.00 

3.3322 

2.80 

1.0296 

5.45 

1.6956 

29.00 

3.3673 

2.85 

1.0473 

5.50 

1.7047 

30.00 

3.4012 

2.90 

1.0647 

5-55 

I.7138 

31.00 

34340 

2.95 

1.0818 

5.60 

1.7228 

32.00 

3.4657 

3.00 

1.0986 

5.65 

1.7317 

33.00 

3-4965 

3.05 

1.1154 

5.70 

1.7405 

34.00 

3.5264 

3.10 

1.1314 

5-75 

1.7492 

35.00 

3.5553 

3.15 

1.1474 

5.80 

1.7579 

40.00 

3.6889 

3.20 

1.1632 

5.85 

1.7664 

45.00 

3.8066 

325 

1.1787 

5.90 

1.7750 

50.00 

3-9120 

330 

1.1939 

5.95 

1.7834 

60.00 

4.0943 

3.35 

1.2090 

6.00 

H^l^ 

70.00 

4.2485 

3.40 

1.2238 

6.10 

1.8083 

80.00 

4.3820 

3.45 

1.2384 

6.20 

1.8245 

90.00 

4.4998 

3- so 

1.2528 

6.30 

1.8405 

100.00 

4,6052 

3.55 

1.2669 

6.40 

'•^563 

3.60 

1.2809 

6.50 

1.8718 

DATA  FOR  BINS. 
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An  approximate  value  of  k  may  be  calculated  from  the  formula 


*  = 


I  —  sin  ^ 
I  +  sin  ^ 


where  ^= the  angle  of  internal  friction  of  the  material.  For  a  deep  bin 
the  maximum  pressure  as  given  by  formula  ( 126)  is  independent  of  k, 
and  its  exact  determination  is  therefore  not  important. 

For  angles  of  internal  friction,  see  Table  XXV,  and  for  angles  of 
friction  on  bin  walls,  see  Table  XXVI. 

For  methods  of  calculating  the  stresses  in  hopper  bins  with  the  top 
surface  surcharged,  in  suspension  bunkers,  and  the  calculation  of  the 
stresses  in  bin  bottoms  and  circular  girders,  see  the  author's  "The 
Design  of  Walls,  Bins  and  Grain  Elevators." 

Angle  of  Repose. — The  angle  of  repose  and  the  weight  of  different 
materials  are  given  in  Table  XXV. 


TABLE  XXV. 
Weight  and  Angle  op  Repose  of  Coal,  Coke,  Ashes  and  Ore. 


Material. 

Wdght  Lbt. 
per  Cu.  Ft. 

Angle  of  Re- 
pose ^  in 
jDegrees. 

Authority. 

Bituminous  coal. 

SO 

35 

Link  Belt  Machinery  Co. 

Bituminous  coal. 

47 

35 

Link  Belt  Engineering  Ca 

Bituminous  coal. 

47  to  56 

Cambria  Steel. 

Anthracite  coal. 

52 

27 

Link  Belt  Machinery  Co. 

Anthracite  coal. 

52.1 

27 

Link  Belt  Engineering  Co. 

Anthracite  coal  Bne. 

27 

K.  A.  MuellenbofT. 

Anthracite  coal 

52  to  56 

Cambria  Steel. 

Slaked  coal. 

45 

Wellman-Seaver-Morgan  Ca 

Slaked  coal. 

53 

37;i 

Gilbert  and  Barth. 

Coke. 

23  to  32 

Cambria  Steel. 

Ashes. 

40 

40 

Link  Belt  Machinery  Co. 

Ashes,  soft  coaL 

40  to  45 

Cambria  Steel. 

Ore,  soft  iron. 

35 

Wellman-Seaver-Morgan  Ca 

Coal,  ore,  etc.,  will  give  an  angle  of  <^  =  40°  if  the  material  is  dry, 
but  if  the  material  is  wet  the  angle  of  repose  may  be  increased  to 
nearly  90**. 

Angle  of  Friction  on  Bin  Walls.— The  values  in  Table  XXVI  may 
be  used  in  the  absence  of  more  accurate  data. 
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TABLE  XXVI. 
Angle  of  Faction  ot  Different  Materials  on  Bin  Walls. 


^«,. 

S<«1  PIUc. 
♦'InDigrta. 

*.£t:?S. 

AnthndUi  GtwL 

Mhts. 

Coke. 

Sand. 

|8 
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35 
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40 
30 

35 
40 
40 
30 

Fia  196.    Coke  and  Stone  Bins,  Lackawanna  Steel  Co. 


Self-cleaning  Hoj^rs. — In  order  to  have  hoppers  self-cleaning 
when  the  material  is  moist  it  is  necessary  to  have  the  hopper  bottoms 
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slope  at  an  angle  considerably  in  excess  of  the  angle  of  repose  ^  or 
angle  of  friction  ^'. 

Ore  pockets  on  the  Great  Lakes  are  made  with  hopper  bottoms  at 
an  angle  of  48°  40'  to  50°  45',  but  the  majority  are  at  an  angle  of  49° 
45'.     Bituminous  coal  will  slide  down  a  steel  chute  at  an  angle  of  40° 


1: 


I         tkor  I 

Fia  197    Elctation  Cikcular  Steel  Ore  Bin  fob  Old  Dominion  Copper 
Mining  Ca 

and  a  wooden  chute  at  an  angle  of  45°.  Anthracite  coal  will  slide 
down  a  steel  chute  at  an  angle  of  30°  and  down  a  wooden  chute  at  an 
angle  of  35". 
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DESIGN  OP  BINS. — Bins  are  usually  subjected  to  sudden  loads 
and  vibrations  and  should  be  designed  with  two  thirds  the  allowable 
unit  stresses  for  dead  loads  given  in  §§33  to  41,  inclusive,  in  "Speci- 


/■ 


Fic.  198.    Details  fos  Ciicui.as  Bins  fob  Old  Dominion  Cofpeb  Mining  Co. 

fications  for  Steel  Mine  Structures,"  Appendix  I,     For  details  and  the 
design  of  flat  and  buckle  plates,  see  Chapter  XIV. 

Bins  are  made  of  timber,  of  structural  steel,  or  of  concrete,  or  the 
different  materials  may  be  used  in  combination. 


TYPES   OF  BINS..  2^1 

TYPES  OF  BINS.— The  most  common  types  are  (i)  the  suspen- 
sion bunker,  (2)  the  hopper  bin,  and  (3)  tiie  circular  bin. 

Suspension  Bunkers. — Suspension  bunkers  are  made  by  suspend- 
ing a  steel  framework  from  two  side  members,  the  weight  of  the  filling 

I 


Fic  199.    Coal  Bunkeis,  Rapid  Tbansit  Subway,  New  York,  N,  Y. 

causing  the  sides  to  assume  the  curve  of  an  equilibrium  polygon.  The 
stresses  in  the  plates  of  a  true  suspension  bunker  are  pure  tensile 
stresses.  Steel  suspension  bunkers  are  commonly  lined  with  a  con- 
crete lining  about  li  to  3^  in.  thick,  reinforced  with  wire  fabric,  to 
protect  the  metal  of  the  bin. 

Hopper  Bins. — Hopper  bins  may  be  made  of  timber,  steel,  or  rein- 
forced concrete.  A  steel  coke  and  stone  bin,  erected  by  the  Lackawanna 
Steel  Company  is  shown  in  Fig.  196.  These  bins  were  divided  into 
panels  12  ft.  6  in.  center  to  center,  with  double  partitions  at  each  panel 
point,  leaving  a  clear  length  of  11  ft.  6  in.     The  bins  are  lined  through- 
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out  with  I  in.  plates.  All  rivets  in  the  floor  are  countersunk.  The 
gates  at  the  bottom  of  the  bin  are  cylindrical  and  are  revolved  by  a 
system  of  shafting  and  gears.  There  is  an  opening  in  the  side  of  the 
drum,  and  when  the  drum  is  revolved  this  opening  comes  opposite  the 
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Vvs.  200.    CbAL  BuNKEEs,  Rapid  Transit  Subway,  Nbw  York,  N,  Y, 

opening  in  the  bottom  of  the  bin  and  the  drum  is  filled.     The  drum  is 
then  revolved  and  the  material  is  dumped  into  the  larries. 

Circular  Bins. — Circular  bins  are  made  of  both  steel  and  reinforced 
concrete.  A  circular  ore  bin  with  a  hemispherical  bottom  is  shown  in 
Fig.  197  and  Fig,  198.  Circular  steel  bins  are  used  in  the  Quincy  Rock 
House,  as  is  shown  in  Fig,  109. 

Bin  Gates. — Many  gates  have  been  devised  to  make  it  possible  to 
handle  different  materials  quickly  and  easily.  The  gates  in  Fig.  201 
are  especially  adapted  to  coal  and  similar  materials.  Gate  (b)  in  Fig. 
202  is  a  type  of  gate  commonly  used  in  ore  bins. 


EXAMPLES   OF   BINS. 
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(f) 


(a) 
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EXAMPLES  OF  BINS.  Steel  Coal  Bin  for  Rapid  Transit 
Subway. — A  cross-section  of  a  i,ooo-ton  suspension  bunker  built  by 
the  Rapid  Transit  Subway,  New  York  City,  is  shown  in  Fig,  199  and 
Fig.  200.     The  bunker  is  supported  on  posts  and  is  covered  by  corru- 
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gated  steel.  The  bin  is  lined  with  a  layer  of  concrete  3i  in.  thick,  rein- 
forced with  expanded  metal.  The  details  of  constructi<Hi  are  plainly 
shown  in  the  cuts. 


J*  J. 


Plan  efHi^ptr)  anil 


CmsSmlei»-m^U' 


AK^ccAffi/'t/ifm. 


*    StdlenalEktvHafaf'M' 
Fig.  203,     Hopper  Bin  Cananea  Consolidated  Copper  Co.,  Canakea,  Mkxioo. 

Ore  Bins  for  Cananea  Consolidated  Copper  Company. — ^Detail 
drawings  of  a  hopper  ore  bin  built  by  the  Cananea  Consolidated  Cop- 
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per  Company  are  shown  in  Fig.  203.  The  ore  is  coarse  and  heavy 
and  is  dumped  from  cars  on  the  top  of  the  bins.  The  ore  is  drawn 
off  through  gates  on  the  bottom  and  is  carried  away  on  a  conveyor. 
The  side  plates  are  i  in.  thick  and  are  stiffened  with  channels  spaced 
about  4  ft  apart  The  hopper  plates  are  |  in.  thick  and  are  stiffened 
with  ID  in.  channels. 

Steel  Coal  Bins  for  Davis  Coal  and  Coke  Co.— The  steel  coal  bin 
shown  in  Fig.  204  was  designed  by  the  American  Bridge  Company  for 
the  Davis  Coal  and  Coke  Co.  for  the  coke  ovens  at  Coketon,  W.  Va. 
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Fic.  204.    Steel  Coal  Bins  at  Coketon,  W.  Va. 

The  framework  is  made  of  structural  steel  and  is  covered  with  corru- 
gated steel.  The  bin  is  lined  with  3  in.  oak  plank  spiked  to  timber 
spiking  pieces  which  are  bolted  to  the  steel  beams.  The  bin  is  carried 
on  plate  girders  each  having  a  web  plate  96  in.  X  f  iti-*  and  top  and 
bottom  flanges  of  two  angles  6"  X  6"  X  A"-  ^^e  bin  is  filled  by  a 
belt  conveyor  passing  over  the  top  of  the  bin,  as  shown  in  Fig.  204. 
The  coal  is  drawn  from  the  bins  through  gates  into  cars  and  is  hauled 
to  the  coke  ovens.     The  capacity  of  the  bin  is  300  tons. 

Ore  House  for  Tonopah-Beltnont  Company. — The  ore  house  at 
the  Belmont  shaft  of  the  Tonopah-Belmont  Development  Company  is 
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shown  in  Fig.  205.  The  bin  has  a  capacity  of  approximately  750  tons 
and  is  divided  into  three  compartments  by  a  partition  running  longi- 
tudinally through  the  middle  and  transversely  at  one  third  the  length. 
The  bin  for  mill  ore  has  a  capacity  of  525  tons  and  the  bin  for  smelting 
ore  225  tons,  making  a  total  capacity  of  750  tons.  The  ore  bins  are 
located  220  ft.  from  the  collar  of  the  shaft,  from  which  the  ore  is 
carried  in  mine  cars  on  the  double  track  trestle.  The  ore  is  sorted  on 
dry  picking  tables  above  the  bin  proper  and  is  run  over  screens.  The 
screens  are  made  of  cast  manganese  plates,  i  in.  thick  and  have  holes 
in  rows  2  in.  apart  at  the  top  and  2j  in.  at  the  bottom.  These  plates 
are  set  at  an  angle  of  40  degrees  and  clean  themselves  well,  the  holes 
showing  no  tendency  to  bind.  The  oversize  from  the  screens  goes  to 
the  picking  tables,  where  the  waste  is  removed  and  is  thrown  into  mine 
cars  and  trammed  to  the  dump,  while  the  sorted  mill  ore  is  scraped  off 
into  hoppers  and  is  taken  to  the  bin  compartments. 

The  main  timbers  of  the  ore  house  are  I2"XI2"  with  3"  X  10" 
and  3"  X  6"  bracing.  The  bins  were  lined  with  6"  X12"  timber  lining. 
The  ore  bin  was  built  of  Oregon  spruce,  which  costs  $37.50  per  M,  and 
was  erected  by  carpenters  who  were  paid  from  $5.00  to  $5.50  per 
eight-hour  shift. 

Cananea  Ore  Bins. — Timber  ore  bins  designed  for  use  at  the  mines 
at  Cananea,  Mexico,  are  shown  in  Fig.  206.  The  bottoms  of  the  bins 
make  an  angle  of  45  degrees  with  the  horizontal,  and  are  covered  with 
steel  plate  fV  in.  thick.  The  details  are  shown  in  the  cut  and  need  no 
explanation. 

For  examples  of  reinforced  concrete  bins,  and  for  additional  exam- 
ples of  steel  bins,  see  the  author's  "The  Design  of  Walls,  Bins  and 
Grain  Elevators." 


CHAPTER  XI. 

The  Design  of  Coal  Washers. 

Introduction. — Coal  as  found  in  the  mine  consists  of  coal  proper 
associated  in'  greater  or  less  quantities  with  slate,  sulphur,  usually  in 
the  form  of  iron  pyrites,  ash,  commonly  called  "bone"  and  in  many 
mines  with  clay  or  dirt.  If  the  impurities  occur  in  thick  layers  or 
masses  they  are  readily  removed  by  hand  picking  in  a  breaker,  but 
where  they  are  intimately  dispersed  through  the  coal  the  impurities 
can  only  be  removed  by  what  is  known  as  washing. 

The  object  of  washing  coal  is  to  remove  the  impurities  to  such  an 
extent  as  to  make  the  coal  suitable  for  fuel  purposes  or  for  coking. 
If  a  mixture  of  equal-sized  pieces  of  coal,  slate  and  iron  pyrites  be 
thrown  into  water  having  an  upward  current  just  strong  enough  to 
float  off  the  coal,  the  heavier  pieces  of  bone,  slate  and  iron  pyrites  will 
sink,  since  they  have  a  greater  specific  gravity.  The  floating  of  a  par- 
ticle depends  not  only  upon  its  specific  gravity  but  also  upon  its  size 
and.  shape,  and  if  the  particles  of  slate  and  pyrites  are  smaller  than 
those  of  the  coal,  part  of  the  impurities  will  float  away  with  the  coal. 
The  specific  gravity  of  pure  bituminous  coal  is  about  1.28,  while  the 
specific  gravity  of  commercially  pure  coal  is  from  1.30  to  1.35.  In 
washing  coal  it  is  the  usual  practice  to  save  the  material  having  a 
specific  gravity  of  1.35  and  less,  and  to  reject  as  waste  all  material 
having  a  specific  gravity  greater  than  1.35.  The  more  nearly  uniform 
the  particles  of  coal  and  waste  the  more  efficient  the  process  of  washing. 

A  complete  coal  washing  plant  comprises  three  separate  processes : 
(i)  the  preparation  of  the  coal;  (2)  the  coal  washing  or  mechanical 
separation  of  the  coal  from  its  impurities;  (3)  the  recovery  or  separa- 
tion of  the  washed  coal  and  the  refuse  from  the  water. 

Preparation  of  the  Coal.* — The  preparation  of  the  coal  consists  in 
crushing  it  to  the  desired  size,  Stnd  the  proper  screening  to  subdivide 
the  crushed  products  into  the  required  number  of  sizes  to  facilitate  the 
washing  and  the  selling  of  the  product ;  or  in  a  plant  preparing  coal  for 
coking  the  reduction  of  all  the  coal  to  a  size  of  ^  in.  or  less.  Coal  is 
usually  crushed  in  two  stages,  the  first  or  coarse  crusher  reducing  the 

♦Also  sec:  (i)  "Preparation  of  Anthracite,'*  by  Paul  Sterling,  Bulletin 
American  Institute  of  Mining  Engineers,  October,  1911.  (2)  "Mechanical  Puri- 
fication of  Coal,"  by  Professor  J.  B.  Porter,  Investigation  of  Coals  of  Canada, 
Volume  I,  Part  V,  1912,  Department  of  Mines,  Ottawa,  Canada. 
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coal  to  nut  size  or  greater,  and  second  the  crushers  or  pulverizers  which 
reduce  the  coal  almost  to  a  powder.  The  coal  is  fed  into  the  crusher 
by  means  of  an  automatic  mechanical  feeder. 

Types  of  Washers. — Coal  washers  may  be  divided  into  four  classes : 
(i)  trough  washers;  (2)  continuous  ascending  current  washers;  (3) 
intermittent  ascending  current  washers,  and  (4)  bumping  tables. 

1.  Trough  Washers. — A  trough  washer  consists  of  a  long  trough 
having  low  dams  or  riffles  at  intervals  along  its  length.  The  coal  is 
fed  in  at  the  upper  end  of  the  trough  and  is  carried  down  to  the  lower 
end,  the  pieces  of  bone,  slate  and  pyrites  being  deposited  back  of  the 
riffles.  Trough  washers  are  relatively  inexpensive  to  install,  but  unless 
supplied  with  automatic  appliances  the  operating  cost  is  high. 

2.  Continuous  Ascending  Current  Washers. — In  a  continuous  as- 
cending current  washer  the  coal  is  fed  into  the  top  of  an  inverted  cone, 
while  the  water  is  admitted  to  the  bottom  of  the  cone  with  a  velocity 
sufficient  to  carry  the  particles  of  coal  over  the  top,  while  the  heavier 
impurities  settle  to  the  bottom  of  the  cone  and  are  carried  away.  The 
JefFrey-Robison  inverted  cone  washer  is  of  this  type. 

3.  Intermittent  Ascending  Current  Washers, — Coal  washers  of  the 
intermittent  ascending  current  type  are  known  as  jigs  and  may  be 
divided  into  (a)  piston  jigs,  in  which  the  movement  of  the  water  is 
produced  by  pistons,  and  (&)  pan  jigs,  in  which  the  pan  in  which  the 
coal  is  placed  is  moved  up  and  down  in  the  water.  The  Luhrig  jig  is 
of  the  piston  type.  The  essential  part  of  the  Luhrig  process  is  that  the 
coal  be  graded  accurately  to  size.  The  jig  consists  of  a  rectangular 
box  with  hopper  bottom,  divided  about  half  way  down  from  the  top 
by  a  partition.  In  one  of  the  compartments  a  rectangular  piston,  oper- 
ated by  an  eccentric,  works  up  and  down,  while  the  other  compartment 
is  closed  at  the  top  by  a  slightly  inclined  screen  plate.  The  entire  jig 
is  filled  with  water  and  the  movement  of  the  piston  gives  a  pulsating 
motion  which  forces  the  water  up  and  down  through  the  screen  plate. 
The  coal  to  be  washed  is  received  on  the  screen  plate  near  the  partition, 
the  action  of  the  water  carrying  the  coal  off  the  top  of  the  jig,  while 
the  refuse  settles  on  the  screen.  The  refuse  is  permitted  to  flow  off 
the  screen  and  through  a  valve  into  a  compartment  from  which  it  is 
removed  to  the  refuse  heap.  The  bed  of  refuse  lying  on  the  screen 
prevents  the  finer  particles  of  coal  from  being  drawn  through  the 
screen.  With  fine  coal  an  artificial  layer  of  feldspar  is  carried  on  the 
screen.  • 


SCREENING  COAL.  28 1 

The  Stewart  jig  is  of  the  pan  or  movable  screen  type.  The  un- 
washed coal  is  admitted  through  a  sliding  gate  into  the  jig  box  which 
extends  below  the  water  level.  The  bottom  of  the  jig  box  is  composed 
of  perforated  screen  plates.  The  coal  is  carried  over  the  end  of  the 
jig,  while  the  waste  drops  through  a  gate  into  the  refuse  compartment. 
With  the  Stewart  jig  as  a  general  rule  no  attempt  is  made  to  differ- 
entiate the  sizes  of  coal,  all  the  coal  from  nut  size  down  being  delivered 
to  the  washer.  The  Stewart  jig  is  very  efficient  for  the  coarser  sizes 
of  coal,  but  is  not  so  satisfactory  for  very  fine  coal. 

4.  Bumping  Tables. — In  the  Campbell  washing  table  a  shallow  rec- 
tangular box  is  suspended  from  above  by  four  rods  attached  to  the 
screens  so  as  to  permit  a  longitudinal  swinging  motion  of  six  to  eight 
inches.  The  bottom  of  the  washer  is  made  in  two  parts,  the  lower  part 
being  formed  by  a  steel  plate,  while  above  this  is  a  false  bottom  with  a 
li  in.  space  between  it  and  the  true  bottom.  When  in  operation  the 
coal  to  be  washed  is  fed  on  the  middle  of  the  table  while  water  is 
admitted  through  pipes.  The  current  of  water  washes  the  lighter  coal 
upwards  and  discharges  it  over  the  side,  while  the  slate  and  pyrites 
settle  towards  the  bottom  of  the  table  and  are  caught  by  riffles.  The 
table  is  swung  backwards  and  forwards  and  is  suddenly  stopped  by  a 
bumper,  which  moves  the  coal,  and  also  moves  the  impurities  forward 
to  a  point  where  they  are  discharged  into  the  refuse  compartment. 

After  the  coal  has  been  washed  it  is  dried  by  being  run  over  screens, 
and  is  then  stored  in  bins  or  is  taken  direct  to  the  coking  ovens. 

Centrifugal  Jigs. — The  impurities  may  also  be  separated  from  the 
coal  without  the  use  of  water  by  means  of  spiral  or  other  centrifugal 
separators  or  jigs. 

Screening  Coal. — In  washing  coal  for  coking,  the  screens  are  usu- 
ally all  of  such  a  mesh  that  nothing  over  i  in.  will  go  into  the  washing 
machine.  Where  the  impurities  are  finely  distributed  in  the  coal  a  ^  in. 
screen  may  be  used.  Both  revolving  and  shaking  screens  are  used. 
Revolving  screens  are  either  cylindrical  or  are  shaped  like  a  truncated 
cone,  and  are  made  of  bent  perforated  plates  attached  to  a  frame  with 
a  central  shaft,  or  of  woven  wire.  Two  or  more  screens  may  be  attached 
to  one  shaft  in  order  to  screen  several  sizes  of  coal.  Shaking  screens 
are  either  suspended  from  overhead  rods  or  are  carried  on  rollers,  the 
shaking  motion  being  given  by  eccentrics.  Where  the  impurities  are 
difficult  to  remove  hydraulic  sizers  have  been  used  with  considerable 
success. 
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Operation  of  a  Coal  Washer. — The  mine  run  coal  is  first  crushed 
to  sizes  of  nut  coal  and  under,  and  is  deposited  in  a  raw  coal  bin. 
From  the  raw  coal  bin  the  coal  is  delivered  by  automatic  feeders  to  an 
elevator  which  supplies  the  coal  to  one  or  more  revolving  screens  which 
separate  it  into  the  desired  sizes.  From  the  screens  the  crushed  coal 
is  conveyed  to  the  coal  jigs  where  the  impurities  are  removed.  The 
washed  coal  is  sluiced  into  the  draining  screens,  from  which  it  is  depos- 
ited by  gravity  or  is  elevated  by  drainage  elevators  to  the  shipping 
pockets.  The  refuse  from  the  coal  jigs  is  carried  by  conveyors  to  the 
refuse  bin. 

Design  of  Coal  Washers. — Coal  washers  must  be  designed  to  sup- 
port the  necessary  screens,  crushers,  jigs,  conveyors,  etc.,  the  exact 
weights  of  which  should  be  calculated.  Great  care  should  be  taken  to 
provide  sufficient  bracing  and  to  use  short  members  in  order  that  the 
structure  may  be  rigid.  The  same  stresses  and  specifications  should 
be  used  for  coal  washers  as  for  coal  tipples  (see  Appendix  I).  Ample 
room  should  be  provided  for  the  jigs  and  adequate  draining  provided 
for  the  floors.     The  washery  should  be  well  lighted  and  heated. 

The  operation  of  coal  washers  will  be  shown  by  describing  an 
anthracite  coal  washer  and  a  bituminous  coal  washer. 

The  Capouse  Coal  Washer.* — Detail  plans  of  the  Capouse  washery 
are  shown  in  Fig.  207  to  Fig.  209.  The  material  is  brought  from  the 
culm  bank  by  an  endless  conveyor  which  delivers  the  fine  material  at 
the  foot  of  the  conveyor  to  the  washer.  The  washer  building  is  53  ft. 
by  65  ft.  at  the  foundation,  is  80  ft.  high,  and  has  a  capacity  of  120 
tons  of  prepared  coal  per  hour. 

The  preparation  of  the  coal  at  the  Capouse  washery  begins  at  a 
point  where  the  scraper-line  discharges  into  a  chute  leading  to  the  main 
elevator.  A  man  stationed  here  throws  out  large  lumps,  breaks  those 
containing  coal  into  smaller  pieces,  which  are  then  thrown  into  the 
elevator-boot,  A  (see  Fig.  208),  removes  any  pieces  of  foreign  mate- 
rial— wood,  iron,  slate,  etc.,  and  controls  the  feed  of  the  coal  to  the 
elevator.  In  the  washery,  the  main  elevator  is  65  ft.  long  from  center 
to  center  of  sprocket-wheels,  and  carries  71  water-tight  buckets,  each 
12  by  28  in.  in  size.  The  elevated  material  is  discharged  into  a  chute, 
B,  which  feeds  the  first  shaking-screen,  C,  (In  washeries  the  revolv- 
ing, circular  screen  has  been  almost  entirely  superseded  by  those  of  the 

♦From  a  paper  by  George  W.  Harris,  Trans.  Am.  Inst.  Min.  £ng.,  VoL 
36,  1905. 
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flat  shaking  type  because  the  fine  mesh  of  the  former  becomes  clogged 
with  dirt,  despite  all  efforts  to  prevent  it.) 

The  shaker  or  "  mud  "  screen,  C,  consists  of  three  screens,  the  top 
one  being  27  by  6  ft.,  and  the  two  others  each  20  by  6  ft.  in  area.  The 
screens  are  driven  by  eccentrics,  set  so  that  each  one  receives  a  thrust 
at  a  different  time  from  the  others,  an  arrangement  which  is  necessary 
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in  order  to  avoid  undue  vibration  of  the  framing.  As  soon  as  the 
material  strikes  the  top  screen,  it  is  sprayed  with  water  from  a  per- 
forated pipe;  and,  passing  down  the  screen,  goes  under  a  box  from 
which  a  copious  stream  of  water  overflows.  The  first  21  ft.  of  the 
top  screen  have  1.5  in.  round  holes,  through  which  pass  chestnut  and 
smaller  size  pieces  to  the  screen  below.     Next  to  the  1.5  in.  round  holes 


Fic.  208.    Longitudinal  Section  or  Cafduse  Washeby. 

are  placed  angle-iron,  having  the  angle  uppermost,  thus,  A.  the  edges 
spaced  0.75  in.  apart,  which  allows  flat  pieces  of  slate  to  fall  through. 
The  last  4  ft,  of  the  top  screen  have  2  in.  round  boles,  which  permit 
pieces  the  size  of  stove  coal  to  fall  through  to  a  chute;  pieces  larger 
than  2  in.  pass  over  the  end  of  the  screen  to  another  chute.  The  stove 
coal  goes  to  jigs,  D,  thence  to  rolls,  E  and  F,  and,  after  being  broken 
to  pea  size  and  smaller,  to  the  main  elevator-boot,  A. 

The  large  coal  is  Hand-picked  by  six  men  and  boys  and  the  slate 
removed,  after  which  it  is  sent  to  the  rolls  and  the  main  elevators.    The 
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coal  that  drops  through  the  top  screen  of  the  shaker,  C,  falls  on  the 
second  screen  having  f  in.  holes,  the  chestnut-size  passing  over,  and 
pea  and  smaller  sizes  dropping  through  the  lowest  screen.  The  chestnut- 
size  goes  to  jigs,  G,  thence  to  rolls,  E  and  F.  The  bottom  screen  has 
^  in.  holes  which  permit  the  fine  coal  dirt,  slush  or  culm  (it  is  called 
by  all  three  names)  and  mud  to  pass  through  to  a  trough  which  delivers 
to  a  settling-pond  near  the  washery  where  the  stream  spreads  over  a 
large,  nearly  level  area  and  deposits  the  suspended  materials.  The 
pea-size  and  smaller  sizes  of  coal  pass  over  the  bottom  screen  to  a 
second  shaker,  H. 

The  shaking-screen  is  simple  in  construction,  effective  in  action, 
occupies  little  space  and  needs  few  repairs.  At  the  Capouse  washery, 
each  screen  is  suspended  by  f"  by  8"  ash  boards,  their  upper  ends 
being  bolted  to  overhead  beams  and  the  lower  ends  to  castings  which 
journal  on  bars  passing  under  and  supporting  the  screens.  Two  boards, 
comprising  the  hanger  on  each  side,  are  set  at  an  ar^le  from  the  ver- 
tical so  that  they  act  as  braces  and  prevent  the  screens  from  swaying 
sideways.  When  suspended  by  rods,  the  screen  travels  between  guides 
to  insure  greater  steadiness.  Both  methods  of  suspension  are  used,  the 
boards  having  the  preference. 

The  shaker,  H,  consists  of  four  tiers  of  screens,  the  top  one  having 
an  area  of  30  by  6  ft.,  the  next  lower  26  by  6  ft.,  and  the  two  lower 
being  20  ft.  long  by  6  ft.  wide.  The  coal  passing  through  this  shaker 
is  separated  into  sizes  as  follows :  the  top  screen  with  \  in.  mesh  allows 
the  pea  coal  to  pass  over,  and  No.  i  buckwheat  and  all  smaller  to  drop 
through ;  the  next  screen,  with  |  in.  mesh,  separates  No.  i  buckwheat 
from  the  smaller  sizes,  the  latter  dropping  through  to  the  next  lower 
screen  with  a  \  in.  mesh;  this  last  screen  makes  No.  2  buckwheat  or 
rice-coal;  No.  3  buckwheat  or  barley  passes  over  the  lowest  screen 
which  has  ^V  in.  mesh,  through  which  drops  the  fine  coal  to  be  carried 
by  the  wash  water  to  settling  pond  No.  2.  The  wisdom  of  keeping  the 
mud  from  the  shaker,  C,  separate  from  the  fine  coal  of  the  shaker,  H, 
when  possible,  will  be  more  apparent  as  time  goes  on,  and  this  fuel 
becomes  valuable  as  material  for  briquettes  or  for  burning  as  dust. 

The  3  buckwheat  sizes  from  the  shaker,  H,  go  direct  to  pockets, 
but  the  pea  coal  must  be  cleaned  of  slate.  After  the  pea-size  leaves  the 
top  screen  it  passes  down  a  chute,  in  which  is  a  triangular  device  raised 
about  i  in.  above  the  bottom,  so  as  to  allow  flat  pieces  of  slate  to  pass 
under  while  the  coal  goes  to  the  elevator,  /,  and  so  to  the  jigs,  K, 
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After  leaving  the  jigs,  the  coal  passes  through  a  Pardee  spiral  picker 
for  further  cleaning  and  thence  to  a  pocket, 

A  number  of  features  about  this  washery  are  deserving  of  special 
mention.  The  six  jigs  (of  the  Christ  type  and  measuring  1 1  ft.  X  5  ft. 
4  in.  X  6  ft.  9  in.)  are  driven  by  a  7  X  8  in.  engine.  The  coal  receives 
a  reciprocating  motion  in  a  pan  immersed  in  water,  which  action  causes 
the  slate  to  sink,  while  the  lighter  coal  passes  out  at  tiie  top.  Gener- 
ally three  jigs  are  sufficient  to  clean  the  coal,  the  others  being  held  in 


Fig.  209.    TsANsVEBSE  Section  of  Capouse  Washebv. 

reserve.  The  larger  mesh  screens  on  the  shakers  are  of  steel,  but  those 
of  3^  in.  mesh,  on  account  of  the  small  perforation,  must  necessarily 
have  thin  metal  to  prevent  clogging,  and  therefore  are  made  of  bronze, 
in  order  better  to  withstand  the  action  of  the  acid  mine  water  used  in 
washing  the  coal.  At  the  Capouse  washery,  the  shaker,  H,  has,  above 
the  tier  of  screens,  four  overflow  water-boxes,  which  are  very  efficient. 
The  shaker,  C,  receives  from  165  to  170  thrusts  per  minute  and  the 
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shaker,  H,  about  i8o.  To  re-break  large  coal  to  pea-size  and  smaller, 
two  rolls  are  used,  the  roll,  £,  being  24  X  24  in.,  and  F,  21  X  24  in. 
The  two  rock-rolls  shown  in  Fig.  208  were  used  to  crush  slate,  taken 
from  the  coal,  to  a  size  not  larger  than  pea,  which  was  then  sent  with 
the  fine  coal  to  fill  old  mine  workings,  a  method  since  abandoned  at 
the  Capouse  washery. 

A  large  quantity  of  water  is  most  important  for  successful  wash- 
ing, the  supply  for  the  Capouse  washery  being  obtained  from  an  adja- 
cent shaft.  A  bull-pump  raises  water  from  the  mines  and  delivers  it 
to  a  reservoir  near  the  washery,  the  pumping  equipment  of  which  con- 
sists of  3  No.  10  Knowles  pumps,  i6X  loX  16  in.  It  is  estimated 
that  each  pump  furnished  500  gal.  per  min. ;  two  pumps  raise  water 
to  the  top  of  the  washery  through  their  two  6  in.  columns  which  con- 
nect at  the  top ;  the  third  pump  supplies  water  for  flushing  the  material 
into  conveyors  at  the  culm  bank.  All  water  pipes  about  the  plant  are 
at  such  an  angle  that  when  work  stops,  valves  are  opened  and  the  water 
drains  out,  thus  preventing  the  pipes  from  freezing  up  in  cold  weather. 

The  machinery  is  operated  by  a  24  X  24  in.  Dickson  engine,  run- 
ning at  78  revolutions  per  minute.  The  steam  is  supplied  by  three  fire- 
tube  boilers,  housed  in  a  substantial  brick  building,  situated  at  a  dis- 
tance of  about  500  ft.  from  the  washery.  The  labor  required  to  run 
the  plant  consists  of  from  40  to  50  men  and  boys ;  a  larger  number  being 
needed  in  winter  tlian  in  summer  to  clean  out  railroad  cars,  etc.  The 
outside  force  includes  a  foreman  in  charge  of  the  whole  plant,  2  hose- 
men,  10  or  12  men  on  conveyor  lines,  2  men  to  run  the  conveyor  en- 
gines, I  man  at  the  elevator  boot,  and  2  men  at  the  settling-ponds. 
The  force  inside  the  washery  is  distributed  as  follows :  i  machinist  or 
oiler,  I  carpenter  or  repair-man,  3  jig-runners,  8  slate  pickers,  i  engi- 
neer, I  man  at  the  head  of  the  main  elevator,  4  loaders,  2  car  repair 
men,  6  slate  dump  men.  In  addition,  there  are  at  the  boiler-house  3 
firemen,  i  man  to  cart  out  ashes  and  one  man  to  wheel  in  coal.  The 
Capouse  plant  has  shipped  coal  since  November  i,  1900,  and  during 
1904  worked  182J  days  of  9  hours  each,  producing  184,004.7  tons.  The 
record  for  the  washery  was  made  in  January,  1902,  when  31,018  tons 
were  produced  in  262J  hours. 
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Steel  Coal  Washery  for  Shoal  Creek  Coal  Co.— The  steel  coal 
washery  for  the  Shoal  Creek  Coal  Co.,  Panama,  111.,  designed  by  the 
Allen  &  Garcia  Co.,  Chicago^  111.,  and  built  by  the  Wisconsin  Bridge 
and  Iron  Co.,  is  shown  in  Fig  210.  The  coal  is  brought  into  the 
washery  by  a  belt  conveyor  and  is  dumped  into  the  raw  coal  bin.  A, 
having  a  capacity  of  600  tons.  The  coal  is  drawn  from  the  raw  coal 
bin  and  is  carried  by  conveyors  to  the  crushers  and  jigs.  The  washed 
coal  is  stored  in  the  washed  coal  bins  B,  which  have  a  capacity  of  1 10 
tons  each.  The  lower  26  ft.  6  in.  of  the  building  is  covered  with  a 
2  in.  concrete  wall  reinforced  with  hy-rib  expanded  metal,  while  the 
upper  part  of  the  building  and  the  roof  is  covered  with  No.  20  galvan- 
ized corrugated  steel  fastened  to  channel  purlins  and  girts.  The  main 
cylinders  of  the  bins  are  made  of  ^  in.  steel  plates,  while  the  hoppers 
are  made  of  f  in.  steel  plates. 

The  shipping  weight  of  the  structural  steel  was  425,000  lbs. ;  while 
the  weight  of  the  corrugated  steel  was  24,000  lbs. 

The  steel  plates  in  the  bins  are  protected  on  the  inside  with  two  coatis 
of  coal  tar  paint,  applied  to  the  steel  plates  after  they  were  thoroughly 
cleaned  m  the  field.  Provision  was  also  made  for  lining  the  bins  with 
concrete  if  it  should  become  necessary. 
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CHAPTER  XIL 

The  Design  of  Coal  Breakers 

Introduction. — ^Anthracite  coal  comes  from  the  mine  in  lumps  and 
also  contains  more  or  less  slate  and  other  impurities.  To  burn  freely 
anthracite  must  be  broken  to  nearly  uniform  sizes  so  that  there  will  be 
a  free  passage  of  air  through  the  coal.  The  preparation  of  anthracite 
coal  consists  in  removing  the  slate  and  other  impurities,  and  in  break- 
ing and  grading  the  coal  to  the  proper  size.  The  common  market  sizes 
of  anthracite  coal  are  given  in  Table  XX VII  a  The  allowable  amount 
of  impurities  in  anthracite  varies  from  S  per  cent  for  steamboat  or 
broken  to  12  to  15  per  cent  for  the  finer  grades  of  coal. 

TABLE  XXVII  a. 
Sizes  of  Anthracite  Coal. 


Name. 

Diameter  of  Holes  over 
Which  mus»  Pass.  In 

Name. 

Diameter  of  Holes  over 
Which  must  Pass,  In. 

Steamboat 

Broken 

It 

2i  to  2A 

ntoif 

*totJ 

Pea 
No.  I  Buckwheat 
No.  2  Buckwheat 
No.  3  Buckwheat 
Culm,  through 

^tof 

Ato| 

Egij 

00  •••••••••».••• 

Stove. 

Chestnut 

The  slopes  of  chutes  lined  with  steel  plates  down  which  coal  will 
slide  are  given  in  Table  XXVII  b.  If  the  coal  is  to  start  on  the  chute 
the  pitch  should  be  increased  about  25  per  cent. 


TABLE   XXVII  b. 
Slopes  of  Chutes  Lined  With  Steel  down  which  Coal  Will  Slide. 


Size  of  Coal. 


Run  of  Mine 

Lump  and  Steamboat 

Broken. 

£gg  f^^  Stove 

Chestnut  and  Pea 

Buckwheat 

Culm ^ 


Pitch  in  Inches  per  Foot. 

Dry  Coal. 

Wet  Coal. 

5 

4 

4 

^1 

4 

2j 

6 

4 

9 

7 

9 
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In  preparing  anthracite  the  lump  coal  is  run  over  screens  to  sepa- 
rate the  lump  coal  from  the  fine  coal;  the  lump  coal  is  run  through 
crushers  and  rolls,  and  is  run  over  screens.  The  slate,  bone  and  other 
impurities  are  separated  from  the  coal  by  jigs  or  spiral  separators.* 

A  diagrammatic  scheme  for  handling  the  coal  in  the  Lehi^  Coal 
and  Navigation  Company's  breaker  is  showri  in  Fig.  2ii. 


DiACBAuuATic  Scheme  fob  Handling  Coal  in  the  Breakes  of  thb 
Lehigh  Valley  Coal  and  Navigation  Company. 


Jig8  and  Spirals. — Jigs  similar  to  those  used  in  coal  washers  are 
sometimes  used  in  breakers.  The  large  pieces  of  impurities  are  hand 
picked,  while  the  impurities  are  usually  separated  from  the  fine  coal 
in  mechanical  or  spiral  separators. 

Design,  of  Coal  Breakers. — Coal  breakers  carry  shaking  screens, 
crushers,  rolls,  shafting,  etc.,  which  loads  must  be  carefully  calculated 

•For  an  excellent  treatise  on  the  preparation  of  coal  see  paper  by  Paul 
Sterling,  entitled  "  Preparation  of  Anthracite,"  published  in  Bulletin  Amei 
Institute  of  Mining  Engineers,  October,  191 1. 
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and  be  provided  for.  Great  care  must  be  used  to  make  the  structure 
rigid  and  to  reduce  to  a  minimum  the  vibrations  due  to  the  shaking 
screens,  crushers  and  other  equipment.  The  problem  is  similar  to  the 
design  of  coal  tipples  and  coal  washers  which  have  already  been  con- 
sidered* The  same  stresses  and  specifications  should  be  used  for  coal 
breakers  as  for  coal  tipples. 

The  operation  of  a  coal  breaker  will  be  illustrated  by  describing  two 
coal  breakers  in  detail. 

The  Coaldale  Breaker,  Lehigh  Valley  Coal  and  Navigation 
Company.* — The  plant  consists  of  a  steel  coal  tipple  and  a  steel  breaker 
building,  and  has  a  capacity  of  about  3,500  tons  of  coal  per  day,  with 
118  men,  at  a  cost  of  10  to  12  cts.  per  ton. 

The  scheme  of  preparation  is  shown  in  Fig.  211  and  is  as  follows: 

Preparation  of  the  Coal  in  the  Coal  Tipple, — ^A  disposition  of  the 
mine  rock  is  made  in  the  head  house  or  coal  tipple,  when  necessary,  at 
the  dump  by  means  of  a  by-pass  gate  A  in  the  bottom  of  the  dump 
chute.  The  coal  stream  from  the  dump  is  passed  over  the  platform 
shakers  C,  having  6  in.  round  mesh,  and  a  consequent  separation  made 
into  two  streams,  one  of  lump  size,  the  other  of  mixed  steamboat  and 
smaller  sizes.  Following  first  the  lump  coal  stream,  it  is  seen  to  descend 
to  the  picking  tables  D,  which  are  about  20  ft.  long  and  have  a  pitch 
of  2"  to  2^"  in  12  in.  Here  all  the  rock  is  removed  and  the  cleaned 
lump  coal  which  passes  oflF  is  broken  down  in  the  crushers  H  to  steam- 
boat size  and  smaller.  Steamboat  size  is  removed  by  the  shakers  F, 
which  have  a  4^  in.  round  mesh,  and  is  subsequently  rebroken.  All  of 
this  stream  goes  to  that  one  of  the  two  conveyors  which  is  devoted  to 
cleaned  coal. 

Following  next  the  second  stream,  which  consists  of  everything 
passing  through  the  6  in.  mesh  of  the  platform  screens,  it  is  found  to 
be  led  over  the  shakers  E,  having  a  4^  in.  round  mesh.  The  steamboat 
coal  thus  made  is  hand-picked,  then  crushed  and  taken  to  the  clean-coal 
conveyor.  Everything  passing  through  the  mesh  of  the  shakers  E  is 
led  directly  to  what  is  known  as  the  "  dirty  "  coal  conveyor,  to  distin- 
guish it  from  its  partner. 

Preparation  of  the  Coal  in  the  Breaker. — There  are  thus  two 
streams  of  coal  passing  up  to  the  head  of  the  breaker ;  one  cleaned,  the 
other  not  cleaned,  and  both  a  mixture  of  broken  and  all  smaller  sizes, 
except  when  it  is  desired  to  ship  steamboat  size,  which  is  done  by 

♦Coal  Age,  Oct.  28,  191 1. 
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omitting  to  break  down  that  size  in  the  head  house.  The  clean-coal 
stream  is  usually  sized  over  two  sets  of  shaking  screens  similar  to  those 
listed  in  Table  XXVII  c,  and  is  passed  from  them  directly  to  the 
pockets  with  more  or  less  examination  in  the  chutes. 

The  dirty-coal  stream  is  sized  over  four  sets  of  shakers,  or  as  a 
rule,  double  the  number  used  for  the  clean  coal,  similar  to  those  listed 
in  Table  XXVII  c.  Broken  size  from  these  screens  is  usually  cleaned 
by  spiral  pickers  or  some  other  mechanical  device,  supplemented  more 
or  less  by  hand-picking;  occasionally  it  is  jigged.  Egg,  stove,  chestnut 
and  pea  sizes  are  usually  led  directly  from  the  screens  to  the  jigs.  It 
is  the  practice  in  some  breakers,  however,  to  spiral  or  otherwise  me- 
chanically pick  these  sizes  on  their  way  to  the  jigs,  and  it  depends  a 
great  deal  on  local  conditions  whether  or  not  a  profitable  percentage 
of  pure  coal  can  thus  be  deflected  to  the  pockets.  Buckwheat  size  is 
jigged  in  a  number  of  cases,  but  more  often  it  passes  directly  from  the 
screens  to  the  pocket,  as  do  also  the  rice  and  barley  sizes. 


Fig.  212.    "  Lehigh  Valley  "  Type  of  Plunger  Jig. 


Table  XXVII e  gives  data  relating  to  jigs  of  the  "Lehigh  Valley" 
plunger  type,  shown  in  Fig.  212,  which  are  replacing  other  styles  in  a 
good  many  instances.  The  jigged  coal  is  thoroughly  examined  and 
occasionally  resized  before  passing  to  the  pockets.  The  usual  pro- 
visions are  made  for  breaking  down  the  material  rejected  at  the  jigs 
and  various  picking  places,  and  for  resizing  and  cleaning  the  same. 
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TABLE   XXVII  c. 
Pure  Coal  Screens,  Lehigh  Valley  Coal  and  Navigation  Company's  Breaker. 


Number. 

Size  of  Coal 
Passing  Over. 

Round  Mesh, 
Diameter,  In. 

Total  Area, 
Sq.  Ft. 

Tons  per 
Hour.   • 

Tons  per  Sq.  Ft. 
per  Hour. 

Revolutions 
of  Cam  Shaft. 

2 
2 

Broken 

Egg 

3( 

■r 

90 

90 

90 

90 

120 

120 

120 

120 

6.28 

7.08 

10.97 

17.25 

9-94 
13.20 

10.57 

4.21 

0.070 
0.078 
0.122 
0.192 
0.083 
0  110 
0.088 
0.035 

2 

Stove 

2 

Nut 

0 

2 

Pea. 

0 

2 

Buck 

2 

Rice 

2 

Barley 

TABLE  XXVII  d. 
Main  Screens,  Lehigh  Valley  Coal  and  Navigation  Company's  Breaker. 


Number. 

Size  of  Coal 
Parsing  Over. 

Round  Mesh, 
Diameter,  In. 

Total  Area, 
Sq.  Ft. 

Tons  per 
Hour. 

Tons  per  Sq. 
Ft.  per  Hour. 

Revolutions 
of  Cam  Shaft. 

4 

4 

Broken 

Egg 

3* 

•t 

180 
180 
180 
180 
240 
240 
240 
240 

25.12 
28.30 

69.01 

39*75 
52*78 
42.30 
16.86 

0.139 

0.157 

0.244 

0.383 
0.165 

a  220 
a  176 
0.070 

4 
4 
4 
4 
4 
4 

Bo**'"***'** 

Stove 

to 

Nut 

B 

Pea 

Buck 

0 

Rice 

mt 

Barley 

TABLE  XXVII  c. 
Jigs,  Lehigh  Valley  Coal  and  Navigation  Company's  Breaker. 


Number. 


Size  of  Coal. 


Egg- 
Stove 

Nut. 

Pea.. 

Buck. 


Size  Perforations 
in  Grates.  Diam- 
eter, In. 


f  and  ^y 


Total 

Grate  Area, 

Sq.  Ft. 


64 
112 

112 

80 

64 


Revolutions 
Plunger  Shaft. 


85 

85 
90 

100 

100 


Tons  per 
Hour. 


28.3 

43.88 

69.01 

39.75 
52.78 


Tons  per  Hour 
per  Sq.  Ft.  of 
Grate  Surface. 


0.442 

a  392 
a6i6 

0.497 
0.824 


The  Cottonwood  Coal  Breaker.* — The  coal  breaker  was  erected 
in  1903  for  the  Cottonwood  Coal  Co.,  Stockett,  Mont.  The  coal  was 
mixed  with  sulphur  balls,  slate  and  bone,  making  the  problem  of  clean- 
ing a  difficult  one.  Scarcity  of  water  made  it  impossible  to  operate  a 
coal  washer.  The  specific  gravity  of  the  material  mined  was :  sulphur 
balls,  4. 141 ;  slate,  2.402;  bone,  1.963;  gray  coal,  1.50  to  1.751 ;  coking 
coal,  1.44;  other  coal,  1.293.  After  many  experiments  the  coal  breaker 
was  constructed. 

♦From  a  paper  by  Lewis  Stockett,  Trans.  Am.  Inst.  Min.  Engs.,  Vol. 
XXXV,  1905. 
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The  detail  plans  of  the  breaker  are  shown  in  Fig.  213  to  Fig.  217. 
The  same  letters  are  used  in  all  of  the  figures,  so  that  reference  will 
be  made  to  the  letters  and  not  to  the  figures. 
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The  coal,  carried  from  the  mine  in  pit  cars  of  a  capacity  averaging 
about  1.5  tons  to  the  car,  is  weighed  on  an  automatic  scale  and  thence 
dumped  by  the  cross-over  tipple  A,  over  the  bar-screen  B,  12  ft,  long, 
6  ft.  wide  and  having  a  pitch  of  6  in.  to  the  foot  with  spaces  between 


Fic.  214.    Section  op  Coal  Tipple. 

the  bars  2  in,  wide,  which  screens  out  that  portion  already  small  enough 
(about  30  per  cent  of  the  total).  It  then  falls  on  the  shaking-screen 
C,  having  i  in.  round  perforations,  6  in.  throw  and  100  strokes  per 
minute,  which  removes  ihe  slack  from  the  coal.  The  slack  is  loaded 
directly  into  railroad  cars  or  is  taken  to  the  boiler-room  by  means  of  a 
wire-rope  conveyor.  The  portion  of  the  coal  that  goes  over  the 
shaking-screen  C  slides  into  a  hopper  D,  from  which  it  is  fed  into  an 
elevator  E,  consisting  of  a  rubber  belt  16  in.  wide,  having  8  X  14  in. 
buckets  placed  every  16  in.  and -operated  with  a  speed  of  225  buckets 
per  minute. 

The  coal  that  passes  over  the  screen  B  falls  upon  a  traveling  belt  F, 
4  ft  6  in,  wide  and  26  ft.  long,  having  a  speed  of  33  ft.  per  minute. 
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and  from  this  belt  any  large  pieces  of  slate  and  other  impurities  are 
removed  by  men  staticHied  on  the  sides  and  is  thrown  into  a  rock- 
elevator  G.  This  traveling  belt  is  operated  by  a  clutch  gear  H,  which 
in  case  of  a  very  large  quantity  of  impurities  appearing  is  thrown  out, 
the  belt  stopped  and  all  of  the  impurities  removed  before  the  coal  drops 
into  the  rollers  /,  which  reduce  the  coal  to  a  size  not  exceeding  a  4  in. 
cube.  It  was  found  neijessary  to  reduce  to  a  4  in.  size  in  order  to  pre- 
vent the  concealment  of  a  su'phur  ball  in  a  lump  of  coal.     The  rollers 


Fig,  215.    Plan  of  Screens. 

are  of  the  removable-tooth  style,  36  in.  in  diameter  and  48  in.  wide, 
and  revolve  at  75  revolutions  per  minute. 

From  the  rollers  the  coal  is  elevated  by  a  continuous  elevator  /, 
having  buckets  12  X  30  in.,  and  operated  at  a  speed  of  65  buckets  per 
minute.  Each  bucket  has  a  capacity  of  no  lbs.  of  coal  when  level- 
full,  which  is  equivalent  to  200  tons  per  hour;  the  capacity  of  the  fine 
coal  elevator  £  is  90  tons  per  hour,  giving  a  combined  elevating 
capacity  of  290  tons  per  hour,  or  2,900  tons  per  day  of  10  hours,  an 
amount  which  added  to  the  slack  screened  out  at  C  gives  a  total 
capacity  of  3,200  tons  per  day. 

The  coal  elevated  by  the  elevators,  E  and  /,  is  evenly  divided  over 
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the  shaking-screens  K,  5  ft.  wide  and  46  ft.  long,  having  a  3  in.  pitch 
to  the  foot,  a  6  in.  throw  and  100  strokes  per  minute.  The  plates  of 
the  screens  have  respsctively  i,  1.5,  2,  2.5  and  3  in.  round  perforations, 
and  separate  the  coal  into  slack,  pea,  nut,  stove,  egg  and  broken  sizes. 
The  slack  resulting  from  the  breakage  of  the  coal  is  found  to  be 
clean,  and,  not  needing  any  further  preparation,  it  descends  through 
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the  hopper  L  to  the  top  strand  of  the  conveyor  M  (having  10  X  20  in. 
flights  spaced  every  3  ft.),  and  is  taken  directly  to  the  mixed-coal  bin  5*. 
The  other  sizes  are  fed  by  means  of  the  hoppers  N  mto  spiral  sepa- 
rators O,  which  separate  the  greater  part  of  the  impurities  from  the 
coal.  These  impurities  pass  either  to  the  lower  strand  of  the  conveyor 
M  and  are  conveyed  to  the  rock  elevator  G,  or  from  one  set  of  spirals 
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to  the  bins  R  by  means  of  chutes  Q,  which  give  .an  opportunity  to 
re-pick  the  refuse  by  hand  and  save  any  coal  that  may  be  in  it.  This 
refuse  is  finally  loaded  into  railroad  cars  and  used  by  the  railroad  for 
widening  banks,  etc. 

From  the  spirals  O  the  coal  drops  on  two  picking  bands  P,  4  ft. 
wide  and  50  ft.  long  and  having  a  speed  of  40  ft.  per  minute,  which 
convey  it  to  the  mixed-coal  bin  S,  and  give  an  opportunity  to  pick  out 
by  hand  any  impurities  not  removed  in  the  spirals;  from  one  set  of 
spirals,  inclined  chutes  T  pass  the  coal  into  bins  U  for  loading  straight 
sizes,  any  remaining  impurities  being  removed  by  hand  while  the  mate- 
rial is  on  these  chutes. 

The  rock  elevator  G,  having  continuous  buckets  12  X  30  in.  and  a 
speed  of  50  buckets  per  minute,  elevates  the  impurities  into  a  bin  X, 
from  which  it  is  loaded  into  a  6  ton  car  and  hoisted  by  a  pair  of  geared 
tail-rope  engines,  with  10  X  18  in.  cylinders  to  the  top  of  the  adjoining 
hill  and  automatically  dumped. 

The  machinery  of  the  entire  plant  is  driven  by  a  double  engine  IV, 
with  cylinders  13  X  18  in.,  running  150  revolutions  per  minute,  the  con- 
nection to  the  first  and  second  line-shafts  being  made  by  rope  drives, 
and  all  other  connections  by  rubber  belts. 

From  the  bins  5"  and  U  the  coal  is  loaded  into  railroad  cars,  a  box- 
car loader  being  placed  opposite  the  chute  S  to  load  box-cars.  The 
cars  are  weighed  on  the  scale  V,  and  it  may  be  of  interest  to  know  that, 
when  loading  the  mixed  coal  into  box-cars,  the  entire  product  of  the 
breaker  passes  through  an  opening  12  X  14  in.  in  area. 

The  building  is  heated  by  steam-coils  supplied  with  live  steam,  and 
is  lighted  by  incandescent  electric  lights.  It  has  two  stand-pipes  with 
hose  connections  and  hose  for  fire  protection. 

On  account  of  the  slight  difference  in  the  specific  gravity  of  the 
gray  coal  and  the  bone,  the  spirals  are  adjusted  so  as  to  retain  only 
the  slate  and  flat  sulphur  balls,  leaving  the  bone  to  be  removed  by  hand. 
The  round  sulphur  balls  which  on  account  of  their  shape  are  the  first 
to  leave  the  spirals  and  go  with  the  coal,  also  have  to  be  removed  by 
hand. 

The  results  obtained  are  given  below,  showing  the  percentages  of 
refuse  in  the  various  sizes :  In  pea  coal,  4 ;  in  nut  coal,  3 ;  in  stove  coal, 
3 ;  in  egg  coal,  2 ;  in  broken  coal,  i,  and  in  mixed  coal,  2  5  per  cent 
Of  2,000  tons  of  the  mine  product,  which  is  daily  dumped  into  the 
breaker,  200  tons  of  the  various  impurities  are  removed,  and  these 
impurities  do  not  contain  on  an  average  over  i  per  cent  of  coal. 
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The  mixed  coal  is  used  by  the  railroads  as  a  locomotive  fuel,  and 
proves  an  excellent  article ;  the  various  sizes  are  used  in  the  commer- 
cial trade,  the  slack  and  pea  sizes  making  the  very  best  of  boiler  fuel. 

The  cost  of  the  breaker,  in  the  section  where  the  highest  wages  are 
paid  in  the  United  States  and  where  freight  is  a  very  large  item,  was 
$42,517.90,  divided  as  follows: 

General  expense $     47245      Scale   $     123.75 

Foundations 2^546      Hardware  805.91 

Lumber 3,706.31      I«abor 10,700.82 

Machinery   12,764.89      Freight  8,844.13 

Separators  2,753.i8  Total  $42,517.90 

The  above  includes  the  cost  of  300,000  ft.  of  lumber  and  400  yards 
of  masonry  as  well  as  of  duplicate  pieces  for  all  of*  the  parts  of  the 
machinery  that  are  liable  to  break  or  wear  out. 

The  cost  of  operation  of  the  plant  over  and  above  that  of  the  force 
previously  used  on  the  old  tipple  is  as  follows : 

Coal  inspector  on  lower  picking  Cost  per  ton  of  1,500  tons  (1,800 

band   $  3.00         less  300  slack)  $  0.03 

3  men  on  lower  picking  band. . . .     7.50  To  which  add  interest  on  invest- 

I  man  looking  after  screens 2.50  ment',    taxes,    insurance,    wear 

I  man  looking  after  spirals 3.00  and  tear,  supplies  used  and  re- 

15  boys  picking  slate,  etc. 15.QO  pairs,  which  as  near  as  can  be 

I  breaker  boss 3.00  estimated  is  per  ton 0.03 

I  engineer,  also  hoists  the  rock. .    4.00  Total  additional  cost  per  ton  . .  •  .$  0.06 
I  machinist,  oils  and  keeps  ma- 
chinery in  order 3.50 

I  man  loading  rock 2.50 

$44.00 

The  largest  item  of  cost  per  ton,  however,  comes  from  the  decrease 
of  production  from  what  was  formerly  shipped,  by  reascMi  of  the  re- 
moval of  the  impurities,  the  total  cost  being  now  charged  to  1,500  tons 
of  lump  coal  instead  of  1,700  tons,  as  formerly;  this  is  met  by  the 
increased  price  received  for  the  coal,  which  at  the  increased  price  is  a 
cheaper  fuel  to  the  consumer  than  the  former  product  at  the  lower 
price. 

The  success  of  this  plant  will  make  available  large  fields  of  coal  in 
Montana,  which  on  account  of  the  impurities  present  were  hitherto 
regarded  as  imworkable.  However,  it  is  only  with  coals  hard  enough 
to  keep  their  shape,  and  where  a  marked  difference  exists  both  in  the 
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Specific  gravity  and  the  shape  of  the  coal  and  the  impurities,  that  the 
spirals  will  work  successfully. 


Fia  2i8a.    Taylob  Reinfosced  Cokci 


Fia  zi8b.    Forms  for  Taylok  Reinfobced  Concrete  Coal  Breakss. 
Reinforced  Concrete  Coal  Breaker. — The  reinforced  concrete  coal 
breaker  built  by  the  D.  L.  &  W.  R,  R.,  at  Taylor,  Pa,,  is  shown  in  Figs. 
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2i8a  to  2i8d.  A  general  view  of  the  breaker  is  shown  in  Fig.  218a, 
the  forms  for  the  concrete  are  shown  in  Fig.  2i8b,  while  sections  of 
the  breaker  are  shown  in  Fig.  2i8c  and  Fig.  218  d.    The  breaker  is  107 


Fig.  218  c.    Longitudinal  Section  B-B,  Tavlor  Reinforced  Concrete  Breaker. 

ft,  6  in.  wide,  133  ft.  long,  and  167  ft.  from  the  bottom  of  the  founda- 
tions to  the  top  of  the  roof.  All  floors  carrying  machinery  were  de- 
signed for  a  live  load  of  200  lbs.  per  sq.  ft.  with  100  per  cent  impact ; 
except  where  the  loads  were  known,  which  were  used  with  100  per 


304 


THE  DESIGN   OF   COAL  BREAKERS. 


cent  impact  added.  The  roof  was  designed  for  a  live  load  of  40  lbs. 
per  sq.  ft.  Shaking  screens  weighed  from  32,000  to  38,000  lbs. ;  while 
the  jigs  weighed  50,000  lbs.  each.  In  designing  the  coal  pockets  the 
angle  of  friction  between  coal  and  concrete  was  taken  as  ^'  =  27 
degrees. 


Fig.  218  d.    Transverse  Section  4-4;  Taylor  Reinforced  Concrete  Breaker. 


The  working  unit  stresses  were :  extreme  fiber  stress  in  concrete  in 
beams,  500  lbs.;  tensile  stress  in  reinforcing  steel,  15,000  lbs.;  shear  on 
concrete,  50  lbs. ;  the  remainder  of  the  diagonal  tension  being  taken  by 
the  stirrups  designed  for  10,000  lbs.  per  sq.  in.  Columns  were  de- 
signed for  400  lbs.  per  sq.  in.  on  concrete  and  10,000  lbs.  per  sq.  in.  on 
longitudinal  reinforcing  steel.  The  breaker  contains  5,000  cu.  yd.  of 
concrete  and  500  tons  qi  reinforcing  steel. 
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For  a  detailed  account  of  the  breaker,  see  Engineering  Record,  Dec. 
3.  1910,  or  Proceedings  National  Association  of  Cement  Users,  VoL 
VII,  pp.  371  to  382. 

Principles,  formulas,  and  specifications  for  the  design  and  construc- 
tion of  reinforced  concrete  mine  structures  are  given  in  Appendix  III. 
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CHAPTER  XIII. 
Miscellaneous  Structures. 

Steel  Rescreening  Plant — The  steel  rescreening  plant  for  the 
Bituminous  Coal  Washing  Co.,  built  by  the  Wisconsin  Bridge  and  Iron 
Co.,  is  shown  in  Fig.  219  a.  The  conveyor  bridge  receives  the  coal  at 
a  point  98  ft.  9i  in.  from  the  building  and  10  ft.  8  in.  above  the  founda- 
tions of  the  building.  The  inclination  of  the  conveyor  belt  is  16  de- 
grees. The  coal  is  run  over  shaking  screens  and  through  16  spiral 
separators.  The  spiral  separators  weigh  800  lbs.  each.  After  screen- 
ing and  separating  the  coal  is  run  into  storage  bins.  The  building  is 
covered  on  the  sides  with  a  2  in.  plaster  wall  reinforced  with  hy-rib 
expanded  steel.  The  roof  is  covered  with  Federal  cement  roofing  tile. 
The  windows  are  glazed  with  wire  glass  set  in  steel  sash.  The  bins 
are  made  of  i  in.  plate  with  6"  @  8  lb.  channel  stiffeners.  The  floors 
are  made  of  reinforced  concrete  carried  on  steel  beams. 

The  weight  of  the  structural  steel  in  this  plant  is  380,000  lbs.  The 
conveyor  gallery  is  covered  with  52  squares  of  corrugated  steel,  weigh- 
ing 7,500  lbs.  The  cement  tile  roof  cost  about  $1,000  in  place.  The 
2"  cement  plaster  walls  reinforced  with  hy-rib  expanded  metal  cost 
$25.00  per  square  in  place. 

Rosiclare  Fluorspar  Mining  and  Milling  Plant — ^The  steel  min- 
ing and  milling  plant  built  for  the  Rosiclare  Lead  and  Fluorspar  Mines, 
Rosiclare,  111.,  by  the  Wisconsin  Bridge  and  Iron  Co.,  is  shown  in  Figs. 
219  b  to  219  e.  The  fluorspar,  a  compound  of  calcium  and  fluorine, 
CaFj,  occurs  in  combination  with  lead  and  zinc  and  also  with  calcite 
and  quartz,  which  must  be  removed  before  the  fluorspar  can  be  used 
as  a  flux  in  blast  furnaces  and  in  basic  open-hearth  steel  furnaces,  or 
for  other  commercial  uses. 

The  mine  has  three  compartments,  two  for  hoisting,  5  ft.  5  in.  X  4 
ft.  4  in.,  and  one  for  pumps,  5  ft.  5  in.  X  3  ft.  8  in.  The  steel  head 
frame  is  84  ft  6  in.  from  the  collar  of  the  shaft  to  the  center  of  the 
sheaves,  which  are  5  ft.  in  diameter.  The  hoist  is  placed  27  ft  from 
the  center  of  the  shaft.    The  hoisting  ropes  are  i  in.  in  diameter.    The 
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fluorspar  is  hoisted  in  steel  mine  cars  having  a  capacity  of  one  ton. 
The  hoist  has  a  capacity  of  50  tons  per  hour,  or  500  tons  in  10  hours. 

The  plant  consists  of  three  buildings:  (i)  the  sizing  and  sorting 
building,  Fig.  219b,  20  ft.  wide  by  90  ft.  long  and  71  ft.  6  in.  high;  (2) 
the  concentrator  building,  36  ft.  wide  by  90  ft.  long,  with  30  ft.  side 
posts;  and  (3)  the  power  house,  36  ft.  wide  by  90  ft.  long,  with  30  ft. 
side  posts.  The  buildings  were  designed  for  the  following  loads: 
Working  load  on  i  in.  hoisting  rope,  5  tons;  roof  load,  40  lbs.  per  sq. 
ft. ;  wind  load,  30  lbs.  per  sq.  ft. ;  floor  loads,  200  lbs.  per  sq.  ft.  The 
allowable  unit  stresses  were:  tension,  16,000  lbs.;  compression,  16,000 
lbs.  reduced  by  a  standard  column  formula ;  for  wind  load  stresses  the 
above  allowable  stresses  were  increased  25  per  cent.  The  roof  cov- 
ering for  all  three  buildings  is  No.  22  gage  galvanized  corrugated  steel, 
carried  on  6"  @  8  lb.  channel  purlins.  The  sizing  and  sorting  build- 
ing is  covered  with  No.  22  gage  galvanized  corrugated  steel  down  to 
the  picking  belt  floor.  The  concentrator  building  and  the  power  house 
have  brick  walls. 

Operation  of  Plant, — ^The  flow  sheet  shown  in  Fig.  219  e  gives  the 
operation  of  the  plant  in  detail.  From  the  cage  the  mine  cars  are  run 
on  tracks  and  are  dumped  on  the  grizzlies.  The  grizzlies  are  made  of 
bars  li  in.  high  and  f  in.  thick  at  the  top  and  i  in.  thick  at  the  bottom, 
spaced  2^  in.  centers.  From  the  oversize  No.  i  lump  fluorspar  is 
picked  and  thrown  on  the  conveyors,  and  the  remainder  of  the  oversize 
goes  through  a  crusher.  The  material  passing  the  grizzly  and  the 
crusher  passes  into  two  150  ton  steel  bins  on  the  floor  below.  The 
fluorspar  is  fed  from  the  bins  into  two  shaking  screens,  each  2  ft.  9  in. 
wide  by  17  ft.  long  with  f  in.  mesh.  The  oversize  is  delivered  to  a 
rotary  drier  36  in.  in  diameter  and  25  ft.  long.  From  the  drier  the 
product  may  be  barreled  for  shipment  or  may  be  run  through  a  Griffin 
mill,  which  grinds  the  spar  so  that  it  will  pass  a  No.  30  mesh  screen, 
and  then  into  four  storage  bins. 

Ore  Separation. — From  the  shaking  screens  the  undersize  is  carried 
by  water  through  a  9  in.  pipe  to  the  jig  house,  while  the  oversize  from 
the  screens  falls  on  a  picking  belt,  and  the  lead  and  zinc  ore  are  sorted 
out  by  9  to  15  men.  The  fine  material  and  the  overrun  of  the  fluor- 
spar is  crushed  and  is  run  through  jigs,  which  separate  the  fluorspar 
and  the  lead  and  zinc  ore. 

The  weight  of  the  structural  steel  and  corrugated  steel  in  the  three 
buildings  is  as  follows :  ( i )  sizing  and  sorting  building,  structural  steel 
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250,000  lbs.,  corrugated  steel  15,500  lbs.;  (2)  concentrator  building. 
Structural  steel  28,000 lbs., corrugated  steel  6,300  lbs.;  (3)  power  plant, 
structural  steel  78,000  lbs.,  corrugated  steel  6,300  lbs. 

Timber  Trestles. — In  a  framed  timber  trestle  the  ties  which  carry 
the  track  are  carried  on  timber  stringers,  varying  from  4  in  number 
for  light  loads  to  6  for  heavy  loads.    The  stringers  are  carried  by 
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trestle  bents,  each  of  which  consist  of  a  cap  on  which  the  stringers  rest, 
posts  which  carry  the  cap,  and  a  sill  upon  which  the  posts  rest.  For  a 
single  story  bent  the  sill  rests  either  on  piles,  blocks  of  timber  called 
mudsills,  or  on  masonry  piers.  The  bent  is  braced  transversely  and 
longitudinally  by  means  of  horizontal  and  diagonal  bracing.  Where 
the  bents  are  more  than  about  30  ft.  high  two  trestle  bents  are  braced 
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together  to  form  a  tower,  and  the  posts  are  made  of  two  or  more  sec- 
tions. The  caps  are  commonly  bolted  to  the  posts  with  drift  bolts, 
square  or  round  rods  |  to  i  in.  diameter  and  15  to  24  in.  long,  driven 
in  holes  bored  somewhat  smaller  in  diameter  than  the  drift  bolt. 
The  posts  are  fastened  to  the  sills  by  means  of  dowels,  rods  or  bars 
similar  to  drift  bolts,  except  that  the  holes  bored  to  receive  them 
must  be  larger  and  deeper,  so  that  the  post  may  be  forced  over  the 
dowel  which  has  been  driven  in  the  sill.  The  bracing  is  fastened  at 
the  main  joints  by  means  of  bolts  and  at  secondary  joints  by  means  of 
spikes.  The  detail  design  of  the  standard  framed  timber  trestle  of 
the  N.  Y.,  N.  H.  &  H.  R.  R.  is  shown  in  Fig.  219  f. 

PUe  Trestles. — In  a  pile  trestle  the  trestle  ][)ent  which  carries  the 
stringers  is  made  of  four  or  more  piles,  which  have  been  driven  to  a 
good  refusal  and  sawed  off  at  the  proper  height  to  receive  the  cap. 
The  pile  bent  is  cross-braced  to  give  greater  rigidity.  The  detail  design 
of  the  standard  pile  trestle  of  the  N.  Y.,  N.  H.  &  H.  R.  R.  is  shown  in 
Fig.  219  g. 

Retaining  Walls. — ^A  plain  gravity  concrete  retaining  wall  and  a 
reinforced  concrete  retaining  wall  designed  by  the  C.  B.  &  Q.  R.  R.  for 
the  same  conditions  are  shown  in  Fig.  219  h.  A  reinforced  concrete 
wall  of  the  slab  type  is  shown  in  Fig.  219  i.    This  wall  was  designed  by 
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Fig.  219  h.    C.  B.  &  Q.  R.  R.  Retaining  Walls. 
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Fia  319  i.    Slab  Wall,  Illinois  Central  R.  R. 

the  Illinois  Central  R.  R,  for  the  following  conditions :  weight  of  con- 
crete, 150  lbs.  per  cu.  ft, ;  weight  of  filling,  100  lbs,  per  cu.  ft. ;  angle  of 
repose,  <tt^45° ;  concrete  1:2:5.  For  additional  examples  of  retain- 
ing walls  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain 
Elevators." 


PART  III. 

DETAILS  OF  DESIGN  AND  COST  OF  MINE  STRUCTURES. 

Introduction. — This  part  of  the  book  includes  a  discussion  of  the 
details  of  the  design  of  mine  structures,  together  with  tables,  drawings 
and  data  to  be  used  in  design;  also  a  discussion  of  the  costs  of  mine 
structures  in  detail.  Only  such  tables  as  are  not  easily  available  in 
the  "Carnegie"  and  "Cambria"  hand-books  are  given.  The  discus- 
sion on  general  design  is  supplementary  to  the  discussion  in  Parts  I 
and  II.  In  the  discussion  of  costs  of  mine  structures  emphasis  has 
been  placed  on  the  effect  of  costs  on  the  design  of  the  structure  rather 
than  to  give  data  to  be  blindly  followed. 
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CHAPTER  XIV. 

Details  of  the  Design  of  Steel  Structures. 

Stresses  in  Crane  Girders. — It  is  proved  in  the  autlior's  "The 
Design  of  Steel  Mill  Buildings,"  Chapter  IX,  "that  where  a  beam  or 
girder  carries  several  moving  concentrated  or  wheel  loads,  the  maxi- 
mum bending  moment  will  come  under  a  heavy  wheel  near  the  center 
of  the  moving  loads,  when  the  wheel  is  as  far  from  one  end  of  the 
beam  or  girder  as  the  center  of  gravity  of  all  the  loads  then  on  the 
beam  is  from  the  other  end."  Where  there  are  three  equal  loads 
equally  spaced  the  maximum  bending  moment  will  come  at  the  center 
of  the  span  when  the  middle  wheel  is  over  that  point. 
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For  two  equal  loads  P^=P  at  a  fixed  distance,  a,  apart  as  in  the 
case  of  a  traveling  crane.  Fig.  220,  the  maximum  moment  will  occur 
under  one  of  the  loads  when  the  load  is  at  a  distance  from  the  end  of 
the  beam,  x^L/2  —  a/4. 

Taking  moments  about  the  right  reaction  we  have 

R^  =  P{L~a/2)/L  (127) 

and  the  maximum  bending  moment  is 

M  =  R^{L/2--a/^)=P{L  —  a/2y/2L  (128) 

There  will  be  a  maximum  moment  when  either  of  the  loads  satisfies 
the  above  criterion,  the  bending  moments  being  equal. 

By  equating  the  maximum  moment  above  to  the  moment  due  to 
a  single  load  at  the  center  of  the  beam,  it  will  be  found  that  the  above 
criterion  holds  only  when 

o<  0.586  Z, 
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Where  two  unequal  moving  loads  are  at  a  fixed  distance  apart  the 
greater  maximum  bending  moment  will  always  come  under  the  heavier 
load. 

The  maximum  end  shear  at  the  left  support  for  a  system  of  con- 
centrated loads  on  a  simple  beam  will  occur  when  the  left  reaction,  R^, 
is  a  maximum.  This  will  occur  when  one  of  the  wheels  is  infinitely 
near  the  left  abutment  (usually  said  to  be  over  the  left  abutment). 
The  load  which  produces  maximum  end  shear  can  be  easily  found  by 
trial. 

The  maximum  shear  at  any  point  in  the  beam  will  occur  when  one 
of  the  loads  is  over  the  point,  the  maximum  shear  in  crane  girders 
being  easily  found  by  trial. 

.DESIGN  OF  PLATE  GIRDERS.— The  maximum  moments  and 
shears  are  found  as  just  described.  If  the  plate  girder  were  designed 
by  means  of  its  moment  of  inertia,  as  in  the  case  of  rolled  sections, 
about  ^  of  the  web  would  be  effective  as  flange  area  to  take  the  bending 
moment ;  or  deducting  rivets  about  i  would  be  found  effective.  It  is, 
however,  the  common  practice  to  assume  that  all  the  moment  is  taken 
by  the  flanges,  and  that  all  the  shear  is  taken  by  the  web,  and  this 
assumption  will  be  made  in  the  discussion  which  follows. 

Let  F  =  area  of  one  flange,  not  including  the  included  web  plate; 
A = height  of  the  girder  between  centers  of  gravity  of  flanges; 
/= thickness  of  web  plate  in  in.; 
/=  allowable  stress  in  flanges  in  lbs.  per  sq.  in.; 
A  =  t'h  =  3iTe2i  of  web  plate  in  sq.  in. 

Flange  Stress. — The  stress,  F-f,  in  the  flanges  at  any  point  in  a 
plate  girder  is 

f,F=M/h  (129) 

where  JW  =  bending  moment  in  in.-lbs.,  and  A  =  distance  in  in.  between 
centers  of  gravity  of  flange  areas  (effective  depth),  (a)  Fig.  221.  The 
tension  flanges  of  plate  girders  are  designed  as  above,  and  the  com- 
pression flanges  are  made  with  the  same  gross  area. 

If  one  eighth  of  the  web  is  taken  as  effective  as  flange  area  the  net- 
flange  area  will  be  equal  to  area  F  minus  one  eighth  of  the  area  of  the 
web  plate  =  F — t-  h/8, 

Web. — The  web  plate  should  not  be  less  than  f  in.  in  thickness, 
although  ^^  in.  plates  may  be  used  if  provided  with  sufficient  stiffeners. 
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The  shear  in  the  web  is  commonly  assumed  as  uniformly  distributed 
over  the  entire  cross-section  of  the  plate. 

StifiFeners. — There  is  no  rational  method  for  the  design  of  stiff- 
eners.    If  they  are  placed  at  distances  apart  not  exceeding  the  depth 
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of  the  girder,  nor  more  than  5  ft.,  where  the  shearing  stress  is  greater 
than  given  by  the  formula — ^allowed  shearing  stress  =  12,500 — 90//, 
where  //  =  ratio  of  depth  to  thickness  of  web  plate,  the  stiff eners  will 
be  near  enough  together.  Where  the  shearing  stress  is  less  than  given 
by  the  above  formula,  stiffeners  may  be  omitted  or  spaced  as  desired. 
Stiffeners  are  commonly  designed  as  columns,  free  to  move  in  a 
direction  at  right  angles  to  the  web,  with  an  allowed  stress  P=  12,000 
—  55  X^A,  where  /  =  one  half  the  depth  of  the  girder  and  r=  radius 
of  gyration  of  the  stiffener  angles  about  the  center  of  the  web,  both  in 
inches.  Stiffeners  should  be  provided  at  all  points  of  support  and 
under  all  concentrated  loads,  and  should  contain  enough  rivets  to 
transfer  the  vertical  shear. 


22 
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Web  Splice. — In  the  plain  web  splice  shown  in  Fig,  222,  the  rivets 
take  a  uniform  shear  equal  to i"/*!,  where 5"= total  shear  and  w^num- 
ber  of  rivets  on  one  side  of  the  splice,  and  a  shear  due  to  the  shearing 
stress  not  being  applied  at  the  center  of  gravity  of  the  rivets.  This  is 
the  problem  of  the  eccentric  riveted  connection,  which  has  been  dis- 
cussed in  "  The  Design  of  Steel  Mill  Buildings,"  Chapter  XV. 


Fig.  322. 

If  the  web  is  assumed  to  take  part  of  the  bending  moment  there 
will  be  an  additional  shear  due  to  bending  moment. 

Rivets  in  the  Flanges. — In  Fig.  221,  let 5"=  the  shear  in  the  girder 
at  the  given  section,  A' =  distance  between  rivet  lines,  p^tht  pitch  of 

TABLE  XXVIII. 
Typical  Hand  Ckanes. 
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TABLE   XXIX. 
Typical  Electkic  Traveling  Cranes. 
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the  rivets,  and  r=the  resistance  of  one  rivet  (r  is  usually  the  safe 
bearing  on  the  rivet  in  the  web).  Then  taking  moments  about  the 
lower  right  hand  rivet,  we  have 


S'p  =  r'h',    and    p  =  r'h'/S 


(130) 


Where  the  rivets  are  in  double  rows  as  shown  in  (rf),  the  distance 
A'  .is  taken  as  a  mean  of  the  distances  for  the  two  lines. 

The  crane  loads  produce  an  additional  shear  in  the  rivets,  (e)  Fig. 
221,  which  will  now  be  investigated.  We  will  assume  that  the  rail  dis- 
tributes the  load  over  a  distance  of  25  in. ;  this  distance  will  be  less  for 
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light  rails  and  more  for  heavy  rails.  The  maximum  vertical  shear  on 
one  rivet  will  be  P'p-~-2^  =  o,o^P'p.  The  horizontal  stress  due  to 
bending  moment  is  r=iS'p-v-h\  and  the  resultant  stress  from  the  two 
sources  will  be 


and  solving  for  p 


;•' 


/-     , 7-cT-»  030 


■^(o.o4Py  +  {yJ 


WEIGHT  OF  CRANES.— The  weights  and  other  data  for  hand 
cranes  are  given  in  Table  XXVIII,  and  similar  data  are  given  for  elec- 
tric traveling  cranes  in  Table  XXIX. 

FLAT  PLATES.— The  analysis  of  the  stresses  in  flat  plates  sup- 
ported or  fixed  at  their  edges  is  extremely  difficult.  The  following 
formulas  by  Grashof  may  be  used :  The  coefficient  of  lateral  contrac- 
tion is  taken  as  J.  For  a  full  discussion  of  these  formulas  based  on 
Grashofs  "Theorie  Der  Elasticitat  und  Festigkeit"  see  Lanza's  Ap- 
plied Mechanics. 

1.  Circular  plate  of  radius  r  and  thickness  t,  supported  around  its 
perimeter  and  loaded  with  w  per  square  inch, — Let  /  =  maximum  fiber 
stress,  z^  =  maximum  deflection,  and  £  =  modulus  of  elasticity, 

iiyw-r^ 

iSgW'r*  ,      . 

2.  Circular  plate  built  in  or  fixed  at  the  perimeter. 


64    /' 


(134) 


^"JiB^:?  ('35) 
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3.  Rectangular  plate  of  length  a,  breadth  b,  and  thickness  t,  built  in 
or  fixed  at  the  edges  and  carrying  a  uniform  load  w  per  square  inch, — 
Let  fa  be  the  unit  stress  parallel  to  a,  /&  be  tlie  unit  stress  parallel  to  b, 
and  a  >  6. 

-"'2(^^'hMV'        "  2(rt*  +  bY  ^^^^ 


For  a  square  plate  a=b. 


/-^  (138) 


W'C^ 


64i5./* 


(139) 


The  strength  of  plates  simply  supported  on  the  edges  is  about  |  the 
strength  of  plates  fixed.  Plates  riveted  or  bolted  around  the  edges 
may  be  considered  as  fixed. 

Diagram  for  Square  Plates. — The  safe  loads  on  square  plates  for 
a  fiber  stress  of  10,000  pounds  per  square  inch  may  be  obtained  from 
the  diagram  in  Fig.  224.  As  an  example,  required  the  safe  load  for  a 
\  in.  plate  3  feet  square.  Begin  at  3  on  the  bottom  of  the  diagram, 
follow  upward  to  the  line  marked  \  in.  plate,  from  the  intersection  fol- 
low to  the  left  edge  and  find  280  lbs.  per  sq.  ft.  For  any  other  fiber 
stress  multiply  the  safe  load  found  from  the  diagram  by  the  ratio  of 
the  fiber  stresses.  To  use  the  diagram  for  a  rectangular  plate  take  a 
square  plate  having  the  same  area. 

Buckle  Plates. — Buckle  plates  are  made  by  "  dishing  "  flat  plates  as 
in  Table  XXX.  The  width  of  the  buckle  W,  or  length  L,  varies  from 
2  ft.  6  in.  to  5  ft.  6  in.  The  buckles  may  be  turned  with  the  greater 
dimension  in  either  direction  of  the  plate.  Several  buckles  may  be  put 
in  one  plate,  all  of  which  must  be  the  same  size  and  symmetrically 
placed.  Buckle  plates  are  made  i  in.,  -f^  in.,  f  in.  and  ^^  in.  in  thick- 
ness.    The  common  standard  sizes  are  given  in  Table  XXX. 

Buckle  plates  should  be  firmly  bolted  or  riveted  around  the  edges 
with  a  maximum  spacing  of  6  inches,  and  should  be  supported  trans- 
versely between  the  buckles.     The  process  of  buckling  distorts  the 
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plate  and  an  extra  width  should  be  ordered  and  the  plate  should  be 
trimmed  after  the  process  is  complete. 

Strength  of  Buckle  Plates. — The  safe  load  for  a  buckle  plate  with 
buckles  placed  up,  is  approximately  given  by  the  formula 

iV  =  4f-Rt  (140) 

where  fF:=: total  safe  uniform  load  in  lbs. ; 
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/=safe  unit  stress  in  pounds  per  square  inch; 
-R  =3 depth  of  buckle  in  inches; 
/  =3  thickness  of  plate  in  inches. 

Where  buckle  plates  are  riveted  and  the  buckle  placed  down,  the  safe 
load  is  from  3  to  4  times  that  given  above. 

TABLE  XXX. 
American  Bridge  Co.'s  Standasd  Buckle  Plates. 
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Plates  are  made  J^^  ^^^,  \^^  or  ^/'  thick. 

Buckles  of  different  sizes  should  pot  be  used  ia  the  same  plate. 

Rivets  generally  |^^  or  \''  diameter* 


STRUCTURAL  DRAWINGS.— In  making  shop  or  working 
drawings  for  structural  steel  work  the  members  may  be  detailed  in  the 
position  that  they  are  to  occupy,  as  in  the  shop  drawings  for  the  roof 
truss  in  Fig.  227,  or  the  members  may  be  detailed  separately,  an  erec- 
tion or  general  plan  being  used  for  assembling.  The  first  method  is 
commonly  used  for  steel  frame  buildings,  while  the  second  method  is 
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commonly  used  for  head  frames  and  complicated  structures.  Where 
the  members  are  detailed  in  place  the  outline  of  the  structure  is  laid 
off  to  a  scale  of  from  i  in,  to  ^  in.  to  i  ft.,  while  the  details  of  the 
members  are  drawn  to  a  scale  of  from  J  in.  to  i^  in.  to  i  ft  The 
figured  dimensions  always  control  in  structural  details,  no  attempt 
being  made  to  draw  members  to  exact  scale. 


Fic.  225.   Joint  of  Roof  Truss,  "  Sketch  "  Detailed. 

The  shop  drawings  required  by  a  bridge  or  structural  shop  will 
depend  largely  upon  the  amount  of  work  that  is  done  in  the  templet 
shop.  Where  the  truss  or  framework  is  laid  out  in  detail  cm  the  floor 
of  the  templet  shop,  only  the  main  dimensions,  sizes  of  members,  lengths 
of  members  and  number  and  arrangement  of  the  rivets  in  the  connec- 
tions need  be  given.  Where  the  framework  is  not  laid  out  in  detail 
on  the  floor  of  the  templet  shop,  or  where  it  is  desired  that  the  rivets 
be  located  exactly  as  determined  by  the  engineer  and  a  record  pre- 
served, the  exact  rivet  spacing  is  required  in  addition  to  the  data  re- 
quired in  the  first  method.  The  joint  of  a  roof  truss  detailed  according 
to  the  first  method  is  shown  in  Fig.  225,  while  the  same  joint  is  com- 
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pletely  detailed  in  Fig.  226.  The  shop  drawings  for  a  steel  roof  truss 
are  shown  in  Fig,  227,  This  roof  truss  is  completely  detailed.  In 
detailit^,  the  figures  are  commonly  written  above  the  dimension  lines, 
as  shown  in  Fig.  225  and  Fig.  226,  and  not  as  ^own  in  Fig.  227. 


Fia  226.    Joint  of  Roop  Thuss,  Completely  Detailed. 

Lacing  Bars. — The  American  Bridge  Company's  standard  details 
for  lacing  bars  are  given  in  Fig.  228.  Where  laced  columns  are  re- 
quired to  carry  heavy  loads  or  take  transverse  flexure,  the  sizes  of  the 
lacing  bars  should  be  calculated,  or  a  solid  web  should  be  used.  For 
the  design  of  lacing  bars  see  the  author's  "  The  Design  of  Highway 
Bridges,"  Chapter  XIII. 
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Fig.  228.     Standards  fok  Lacing  Bars. 
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Fig.  229.    Standards  for  Rivets  and  Riveting. 
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Fig.  23a    Conventional  Signs  for  Rivets  and  Riveting. 

Standards  for  Rivets. — ^The  American  Bridge  Company's  standards 
for  rivet  sizes  and  spacing  are  given  in  Fig.  229,  while  the  conventional 
signs  for  rivets  are  given  in  Fig.  230. 

Allowable  Stresses  in  Rivets. — ^The  allowable  bearing  and  shear- 
ing stresses  for  diflFerent  allowable  stresses  are  given  in  Tab'    XXXI. 
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FlC,    231.      StANBABD    PFTAIIJ    FOR    RoU.ED   1-BeAMS    A-V 


DETAILS  OF   KOLLED  BEAMS. 


Details  of  Rolled  Beams. — Standard  details  for  rolled  I-Beams 
and  channels  are  given  in  Fig.  231  and  Fig.  232.  Standard  connection 
angles  with  the  rivet  spacing  are  given  in  Tables  XXXII  to  XXXIV. 
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Piifets  j Diitiii.  I  ij^aiit    LJ~rw  ^     / /. 

Jisles^'Diam. 

Fic.  232.    Standakd  Details  for  Rolled  I-Beams  and  Channels. 

Details  of  Columns. — Details  of  a  rolled  H-column,  Bethlehem 
H-beam,  are  given  in  Fig.  233,  while  details  of  a  built  H-column  are 
given  in  Fig.  234.  Details  of  a  column  for  the  steel  head  frame  for 
the  Copper  Queen  Mining  Co.  are  given  in  Fig.  235, 

Hand-books. — Properties  of  sections  and  other  useful  data  are 
given  in  manufacturer's  hand-books  of  which  the  "  Carnegie,"  issued 
by  the  Carnegie  Steel  Company,  and  the  "  Cambria  Steel,"  issued  by 
the  Cambria  Steel  Company,  are  the  best  known.     These  books  can  be 
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purchased  by  students  and  engineers  for  50  cents  each,  and  are  inval- 
uable to  the  structural  steel  designer. 

Structural  Tables. — ^Tables  for  use  in  structural  steel  design  not 
ordinarily  found  in  hand-books  are  given  in  Table  XXXII  to  Table 
XLVI. 
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TABLE  XXXII. 
Carnegie  I-Beams. 
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TABLE  XXXIII. 
Carnegie  I-6eams. 
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TABLE  XXXIV. 
Carnegie  Channels. 
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TABLE  XXXV. 


Carnegie  Z-Baks. 
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TABLE  XXXIV. 
Carnegie  Channels. 
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TABLE  XXXV. 


Caknegie  Z-Bars. 


» 

„    ._                         i 

ft«teMMta 

^iBkMta 

MOMWOt 

n«,- 

AOTUM.«n 

IMOOHT 
fOOT 

AM* 

MM. 

.  laAxnvcn       | 

'•^ 

fLANOeSAtMB 

« 

«^ 

\ 

9ft»8  «aft 

AT 

1.07 

H- 

1 

*■ 

U 

t 

H>iM«9f 

a4 

R48 

M 

«t 

«• 

#t 

A 

ai^is  «aft 

•LIT 

180 

1 

•  • 

•I 

•r 

«« 

9 

af«ai«ai 

1L4 

8L80 

M 

«• 

•« 

« 

s 

tiikS    .flft 

12.0 

&80 

M 

«• 

•• 

tt 

A 

a»>s*«ai 

142 

418 

M 

•« 

tf 

M 

S*>4    >8fc 

Si) 

2.41 

2     . 

» 

t 

2 

■V 

9iii4*«»^ 

ia8 

&03 

«• 

•I 

•« 

•« 

a*<4»«6A 

.  1^ 

&06 

M 

M 

M 

tt 

ZkxA   mMt 

tBA 

400 

ft 

«« 

«• 

ft 

9k%<hMBh 

U8 

488 

U 

•« 

tt 

•r 

4 

9kyi4k-»Bh 

17.0 

0.27 

M 

•« 

«• 

•» 

4 

8&b4  t«r 

.^M 

9M 

M 

M 

«• 

M 

a*«4^<H 

AOlO 

8114 

•• 

•« 

tt 

M 

•ft«4ili8A 

au 

aTO 

*• 

> 
•  « 

• 
tt 

8t»A    «8i 

ae 

&40 

» 

» 

« 

2# 

^»tk»9h 

18J» 

410 

M 

tt 

• 

tt 

8|>«0*ate 
8}«8   «H 

t&4 

481 

« 

M 

<4 

-tt 

X^.0 

6.28 

M 

«■ 

^ 

•i 

• 

8it8^«8A 

«u 

404 

M 

4f 

ft 

tt 

S 

8f«8*ft8» 

8flL« 

f  404- 

# 

#• 

ti 

• 

t« 

d 

8M8    «al' 

tar 

OjM. 

>•• 

•J 

It 

«* 

8i«Mii8l^. 

aatf 

7.64 

«• 

#» 

n 

t* 

8l»A*i<l 

sa8 

ej8 

1» 

«« 

•t 

tt 

.' 

efaft    sBfr 

M 

480 

2^ 

i 

I 

8 

Bft^ei^Bdl^ 

leuB 

OJO 

•« 

«• 

•t 

M 

8f«0««8l^ 

2U> 

410 

u 

•t 

«• 

tt 

8f«a  »H 

«cr 

408 

M 

f. 

tt 

t* 

If 

«ia^iift 

WA 

nM 

«■ 

•« 

tt 

t» 

^ 

8l«8»ftM 

aaai 

a^ 

•i 

•• 

tt 

M 

0 

■ 

aind  aat : 

M 

468 

«* 

•• 

•» 

tt 

8^«eft>8A 

822) 

9A0 

M 

•• 

•P 

«• 

... 

8t»«l'«8t 

84b 

laiv 

« 

•* 

m 

H 

, 

^^^ 

^^^ 

346 


DETAILS  OF  DESIGN   OF  STEEL  STRUCTURES. 


TABLE  XXXVI. 

Caknegie  Angles. 

Weights  in  pounds  per  lineal  foot 
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TABLE  XXXVII. 

Caknegie  Angles. 

Areas  in  Square  Inches. 
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. 
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6   •  3» 
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5.73 
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• 
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e  -  3i 
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aos 

3.53 
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6.81 
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&67 
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5   >  3 

a.40 
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a75 
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a.as 

2:67 

aoe 

a50 
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5.43 

4  •  Zk 

4   >  3 

SL09 

a.48 

a87 
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a98 

434 

469 

6.08 

4  >d 

3^.  3 
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a.30 

a65 

aoo 

a34 
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431 
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3|>  3 
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a43 
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a65 
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' 
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L6a 
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aoo 
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A. 
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i 
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jf 
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DETAILS  OF  DESIGN  OF  STEEL  STRUCTURES. 


TABLE  XXXVIII. 
Upsets  for  Round  and  Squase  Bass. 


ROUND 

o 

BARS 

SQUARE 

u 

BARS 

ROUHO 

upter 

umr 

•QWARK 

Mii. 

MUA 

m^ 

UiMTM 

AM 

«MA 

AT  MOT 

UMM 
MCA 

CM«M 

AlltA 

A«fA 

AT««OT 

AM 

UMTN 

iM.^ 

AM* 

•Al^ 

•Mt 

•»M. 

•««• 

•««• 

MHM 

M.IM*. 

•/• 

% 

M.*!*. 

MHM 

•««• 

m^m» 

•»■* 

MHM 

* 

o.ao7 

4i 

0430 

3&8 

i 

$ 

0.443 

1 

3^ 

0.580 

344 

306 

O004 

Si 

li 

aooa 

i 

* 

o.eoi 

u 

6 

0.801 

4a3 

ia3 

O801 

1* 

0700 

t 

1 

0.780 

11 

4J 

1.007 

347 

30.6 

L306 

Ik 

LOOO 

i 

li 

OQM 

li 

91 

L305 

30.3 

10.7 

L616 

4i 

1{ 

L366 

H 

li 

1.337 

If 

4i 

a 

L616 

3&6 

3U 

3.040 

4( 

ll 

L663 

li 

n 

L48A 

ll 

^  a 

di 

L744 

17.4 

3L7 

ad03 

3 

L801 

li 

M 

L707 

3 

4i 

3.303 

303 

340 

3.033 

^ 

8i 

^360 

H 

a 

3.074 

3f 

■5 

4i 

3.051 

87.8 

30.0 

a4io 

6i 

3S 

3.641 

li 

li 

3.400 

a* 

• 

4 

aosd 

36.7 

3L8 

a7io 

6f 

3} 

a063 

li 

xi 

3.701 

af 

6i 

4i 

8.410 

33.0 

3L4> 

4610 

3^ 

a5l6 

li 

» 

aus 

ai 

6i 

3^ 

&716 

ia3 

37.7 

6.107 

3i 

4000 

» 

»i 

3.647 

a| 

6i 

3f 

4166 

I7i 

30.3 

6.430 

3 

4.616 

»i 

Hi 

3.076 

3^ 

4f 

6.107 

3a6 

3ao 

a6io 

01 

3i- 

6.068 

*i 

»f 

4.430 

3 

4^ 

5.430 

33.0 

33.8 

7.548 

34 

6.641 

»f 

*f 

4.900 

3^ 

Oi- 

4^ 

6.067 

3L3 

307 

ai70 

8 

^* 

a360 

»i 

«f 

5.413 

3i 

Oi 

4^ 

6.610 

30.3 

35.0 

0.306 

8 

3f 

asoi 

Hi 

»i 

6.040 

31 

4i 

7.068 

10.3 

33.1 

0004 

^8 

4. 

7.663 

»i 

H 

61403 

31 

8 

61 

ai70 

35.0 

87.0 

11.330 

8 

0 

4f 

a366 

»i 

3 

7.000 

3f 

8 

6i- 

a641 

33.3 

4L7 

13.753 

7i 

0 

41 

0.000 

3 

Sf 

7.070 

3i 

8 

oi 

0.306 

3L3 

Si 

Si 

a306 

4 

8 

4i 

0.004 

J0.7 

3i 

Si 

0.031 

4( 

0 

6i 

a330 

17.7 

Si 

Si 

iL046 

4i 

0 

4^ 

13.753 

15.6 

Si 

CLEVISES. 
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TABLE  XXXIX. 

Clevises.    American  Bridge  Company  Standards. 

All  Dimensions  in  Inches. 


T" 

1 

^.     ^^ 

1 

w- 

>'' 

^»= 

^ 

^y^                                                    1 

• 

%t 

■ 
-4—, 

I 

OHv  •  wa  W  ■««•  to  mH 

k= 

ouMi.or 
CLCvn 

WMtipei 

CLEVIS 

Duuior 

CLEvn 

FOM 

Nirr 

VrtOTM 

INCVtlM 

J» 

P 

r 

X 

w 

» 

8 

If 

ti 

li 
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6 

4 

3i 

tf 

li 

u 

8 

5 

S 

ai 

ai 

ai 

A 

8 

6 

8» 

a^ 

ai 

ai 

X 

8 

7 

4 

3i 

3i 

3i 

8 

TtBtfle  glTfiig  diameter  of  Clevii  for  i^tren  rod  and  pin. 

ROO 

riNS 

ROD                       J 

KOUNO 

•QUAW 

u*«rr 

1      li    li     U     a     ai-    2i-    2i     3     3i    3f    3f    4 

u»«rr 

MUMI 

ROUND 

1 
1 

i 
i 

1 

Ik 

li 

3  |3 

3     3 

3 
3 

4     4     4 

I 

li 

li 

1 

i 

i 
1 

4 

4 

4     4     4 

1 

u 

4 

4     4      4     4 

li 

1 

u 
11 

1 

li 

1! 

l> 

4     4 

4 

|4      4     4 

6     6      6 

11 

li 

1 
li 

li 
li 

4 

5     6 

6     6      6 

0      5 

0     6      0     0      6 

u 

li 

e    5 

5     6      6      0      0 

li 

li 

u 

li 

a 

5      5 

0    6    6  1 6    e    e 

a 

11 

li 

11 
li 
u 

3 

If 
1* 

ai 

3i 

H 
ai 

ai 

0      0 

^    6  fo 

6    e    e 

ai 

ai 
ai 
ai 
ai 

Ai 

li 

11 
li 
li 

a 

ai 

e    e 
6    e 

e    6 
e    6 

6    e  17 

7     7 
7      7 
7      7 

J  7     7      7 
7     7     7 

6 

6|7 

7     7 

7     7     7 

2> 

3 

ai 

ai 

7     7 

7     7      7 

21 

ai 

li 

a    . 

aV. 

7 

7| 

WOUND 

MUAWI 

urarr 

1      1^    tt     11     a     a^    2i    21     3     3i    3i    31    4 

UfSCT 

•QUAMe        ROUND   ^ 

ROO 

PINS 

ROD                        ] 

ClertaM  above  and  to  vight  of  beaTy  nigiMg  line,  may  b«  Mcd  wttb  Itaka  •tralgbu 
CI«Tl«es  twiow  and  to  tolt  of  same  line,  ehould  liave  fbrks'cloacd  in  untO  pta  to  not 
orerstraincd. 
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DETAILS  OF  DESIGN  OF  STEEL  STRUCTURES. 


TABLE   XU 
Sleeve  Nuts  and  Tuknbuckles.    American  Bbidge  Company  Standards. 

All  Dimensions  in  Inches. 


w— 
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• 
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H 
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n 
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Bslval 

-i — ^ h- vJ 
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^ 

m 
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tr 
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^ 

n 

c 
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r 

f 

U 

7 

1» 
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U 

i 

al 
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1 

15 

a5 

14 

81 
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i 

/ 
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7 
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15 

5 

3 

35 

I 

M 

ai 
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14 

X 

jf 
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74 

a 

a& 
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34 

4 
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t» 
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94 
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li 
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u 

M 

« 

M 

M 

« 

4 

0* 

•• 

li 

ai 
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94 
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'i 

n 

a 

8 

a» 

aj 

u 

• 

45 

6 

M 

i! 

34 

la 
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Jf 

li 

M 

M 

M 

M 

M 

M 

64 

7 

\ 

M 

3ft 

li 
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35 

H 

jf 

a^ 

81 

aj 

3& 

li 

h. 

8 

85 

m 
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34 

a 

IQI 

aft 

< 

If 

M 

«» 
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M 

« 

85 

10 

u 

a 

3i 

a4 
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3i 

H 
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DETAILS  OF  DESIGN   OF  STEEL  STRUCTURES. 


TABLE   XLII. 
Eye  Bars.    American  Bridge  Company  Standards. 
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3i 
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8 
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•• 
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If 
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BENDING  MOMENTS  IN   PINS. 
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TABLE  XLIII. 
Maximuii  Allowable  Bending  Moments  in  Pins  fok  Vauous  Fiber  Stresses. 


PIN 


1 

t] 
Ij 

1 


7 

8 


AREA 


0.785 
L227 
1.767 
2.405 

3.142 
3.976 
4.909 
5.940 

7.069 

8.296 

9.621 

11.045 

12.566 
14.186 
15.904 
17.721 

19.635 
21.648 
23.758 
25.967 

28.274 
30.680 
33.183 
35.785 

38.485 
41.282 
44.179 
47. 173 

50.265 
53.456 
56.745 
60.132 


MOMENTS  IN  INCH  POUNDS  FOR  FIBRE  STRESSES  PER  Sa  IN.  OF 


15,008 


1470 
2880 
4970 
7890 

11800 
16800 
23000 
30600 

39800 
50600 
63100 
77700 

94200 
113000 
134200 
157800 

184100 
213100 
245000 
280000 

318100 
359500 
404400 
452900 

505100 
561200 
621300 
685500 

754000 
826900 
904400 
986500 


18,888 


1770 
3450 
5960 
9470 

14100 
20100 
27600 
36800 

47700 
60700 
75800 
93200 

113100 
135700 
161000 
189400 

220900 
255700 
294000 
335900 

381700 
431400 
485300 
543500 

606100 
673400 
745500 
822600 

904800 

992300 

1085200 

1183800 


M,888 


1960 

3830 

6630 

10500 

15700 
22400 
30700 
40800 

53000 

67400 

84200 

103500 

125700 
150700 
178900 
210400 

245400 
284100 
326700 
373300 

424100 
479400 
539200 
603900 

673500 
748200 
828400 
914000 

1005300 
1102500 
1205800 
1315400 


»,888 


2160 

4220 

7290 

11570 

17280 
24600 
33700 
44900 

58300 

74100 

92600 

113900 

138200 
165800 
196800 
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TABLE  XLVI. 

Table  of  Areas  in  Square  Inches,  to  be  Deducted  from  Riveted  Plates  or 

Shapes  to  Obtain  Net  Areas. 
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In  calculating  the  net  area  add  yi  inch  to  diameter  of  rivet  before  entering 
the  table. 


CHAPTER  XV. 
Estimate  of  Weight  and  Cost  of  Mine  Structures. 

ESTIMATE  OF  WEIGHT.— The  contract  drawings  for  head 
frames  and  coal  tipples  are  usually  general  drawings  similar  to  those 
in  Fig.  89  and  Fig.  90,  in  which  the  main  members  are  shown  in  posi- 
tion together  with  enough  sketch  details  to  enable  the  detailer  to  make 
the  shop  drawings.  In  making  an  estimate  of  weight  from  general 
drawings  it  is  necessary  that  the  engineer  be  familiar  with  the  shop 
details,  and  that  he  know  the  necessary  percentage  of  details  to  add  to 
the  main  members  to  obtain  the  total  shipping  weight  of  the  structure. 
The  percentage  of  details  will  depend  upon  the  make-up  and  design  of 
the  structure  and  the  practice  of  the  shop  at  which  the  structure  is  to 
be  fabricated.  Where  the  engineer  has  had  experience  with  structures 
of  the  same  kind  it  will  be  sufficiently  accurate  to  add  a  percentage  for 
details  to  the  total  weight  of  the  main  members.  On  account  of  the 
varying  designs  of  head  frames,  coal  tipples  and  mine  structures  it  will 
usually  be  necessary  to  estimate  the  weight  of  each  part  of  the  struc- 
ture separately.  Before  an  engineer  can  make  reliable  estimates  of 
steel  frame  structures  from  general  drawings  it  will  be  necessary  that 
he  calculate  the  weights  of  numerous  similar  structures  to  obtain  the 
necessary  data  as  to  per  cent  of  details.  The  following  data  will  be 
of  assistance  to  the  engineer  in  the  absence  of  definite  data  for  the 
particular  case. 

Details  of  steel  riveted  trusses  made  of  angles  will  vary  from  25 
to  35  per  cent  of  the  main  members.  The  details  of  columns  made  of 
two  channels  laced  will  vary  from  35  to  50  per  cent,  depending  upon 
the  weight  of  the  channels  and  the  style  of  end  connections.  The 
weight  of  rivet  heads  in  steel  head  frames  will  vary  from  3  to  5  per 
cent  of  the  total  weight  of  the  structure.  In  estimating  the  weight  of 
corrugated  steel  add  25  per  cent  for  end  and  side  laps  where  two  cor- 
rugation side  lap  and  6  in.  end  laps,  and  15  per  cent  where  one  corru- 
gation side  lap  and  4  in.  end  laps  are  specified. 

Estimate  of  Weight  of  a  Steel  Head  Frame. — ^A  summary  of  a 
detailed  estimate  of  the  75  ft.  steel  head  frame  built  by  the  American 
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Bridge  Company  at  Tonopah,  Nev.,  is  given  in  Table  XL VII.  The 
details  are  39.4  per  cent  of  the  weight  of  the  main  members.  The 
rivet  heads  are  4.1  per  cent  of  the  weight  of  the  structure. 

TABLE   XLVII. 

Estimate  of  Weight  op  75-ft.  Steel  Head  Frame,  Tonopah -Belmont 

Mining  Co. 


%> 1-  --- 

Weight  in  Lbt. 

Total  Wdgbt, 
Lba. 

Details  in 
Per  Cent  of 
Main  Menb^ra. 

jM>cniocr« 

Main  Membcn. 

Details. 

Back  bracks.. 

9,170 

3,590 

5,446 

2,936 

1,790 
2,627 

3,263 

1,466 

8,065 

6,673 

4,150 
2,790 
1,250 
2,582 

440 
1,015 

2,179 

613 
2,279 

414 

13,320 
6,380 
6,696 

5,518 
2,230 

3,642 
5,442 
2,079 

10,344 
7,087 

43 

Front  posts 

77 

Girders 

•  # 
23 

Diaphragms 

82 

Channels. , 

25 

39 

Angle  struts 

Channel  struts 

67 

Stringers 

• 

Angle  bracing 

Steel  girders 

6 

Totol 

45,026 

17,71a 

62,738 

394 

TABLE  XLVIII. 
Weights  and  Per  Cents  of  Details  of  Mill  Buildings. 


9t««l  Mill    Duildings    with    Self  5i/pportin9  Fravne*   covsrsd           1 
ofi   Roof  ond  Sides  with  one  thickntss  of  Corruqotsd  Iron.              | 

Part 

of 

Structure 

4.0-0'}(4O0xl4^0' 
2Tru»s«s40-0" 

Pitch  i 
End  Frominq 

^^•""")5id«»*24 
eCirculorV«nlikitor 

40-6V4flhO'»  I4-0' 
2Tru«ses40-0' 
PitchJ^    J 

End  Framing 
2Greulor>fenUlotor 

60'-0"«7«*>il8< 
4TruMe«  60H5 

PHch-^ 

End  Fnaminq 

r  -rT      (»>o«^22 

C0''^isid»*24 

3Circulor>fen»ilohir 

60^Vi80^*«26^* 
4Tnis»M  60'-0' 

Pilch  4 

End  Franninq 

/-     ,_CW»of*22 

cor  irDnJ^^^*24 

Monitor  ^fen^lotont 

Wti^ht 

Details  in 

par  cent 

of  Moin 

Member* 

Weiqht 

OctOils  in 
per  cent 
of  Moin 

Members 

Weiqht 

Ddoilftin 

percent 

of  Moin 

Members 

Weiqht 

Oetoifsin 

percent 

of  Moin 

Mcnvbers 

lbs 

percent 

lb5. 

percent 

lb». 

percent 

lbs 

percent 

Trusses 
-4-  U  Column* 
I&«oni    • 
L  Columns 
End  Roftcrs 
Eave  Strut* 
lowerOard  Bradn) 
Rod» 
Purlin* 
Girta 

2646 

I4Z8 

1146 

912 

1036 

900 

950 

900 

2261 

3170 

25 
70 
15 
56 
17 
0 

22 

15 

5 

2 

2846 
1428 
1146 

952 
1076 
1080 
1049 

920 
5516 
5252 

25 

70 

15 

56 

22 

0 

20 

17 

7 

2 

15940 
5476 
4251 
1470 
3514 
5117 
2763 
1737 
6713 
9693 

344 

52.5 

33.0 

14.0 

11.6 

53.2 

97 

6.2 

47 

10.0 

14020 
4632 
6056 
1668 
1776 
2120 
3166 
2060 

10595 
9590 

24.6 
46  t 
14.1 
56.5 
200 
OO 
7.0 

\zo 
ao 

0.0 

Weight  of  rrameworK 
Weiqht  per  Sq.Ft 

15553 
9.8 

19 

17269 
9.0 

20 

50676 
11.2 

24.0 

55703 

11.7 

\3p 

Corruqotcd  Iron 

5680 

6892 

17000 

23626 

Totol  of  dt«el 

Weight  per  S<(JFt. 

15.4 

^161 
I2jb 

67676 
15.1 

■ 

79329 
i« 
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Estimate  of  Weight  of  Steel  Buildings.— The  weights  and  per 
cents  of  details  of  four  steel  frame  buildings  are  given  in  Table  XLVIII. 
The  first  two  buildings  in  the  table  are  an  engine  and  boiler  house, 
respectively,  built  for  the  Wmona  Mine,  Michigan,  and  the  third  and 
fourth  are  two  transformer  buildings  built  for  the  East  Helena  smelter, 
Montana.  The  plans  of  the  fourth  building  are  given  in  Figs.  i6o  to 
163.  A  detailed  estimate  of  a  steel  frame  building  is  given  in  the 
author's  "  The  Design  of  Steel  Mill  Buildings.'* 

ESTIMATE  OF  COST.— The  different  designs  for  head  frames, 
coal  tipples,  and  other  mine  structures  vary  so  much  with  local  condi- 
tions and  requirements  that  it  is  only  possible  to  give  data  that  may  be 
used  as  a  guide  to  the  experienced  estimator.  The  cost  of  steel  frame 
structures  may  be  divided  into  (i)  cost  of  material,  (2)  cost  of  fabri- 
cation, (3)  cost  of  erection,  and  (4)  cost  of  transportation. 

I.  Cost  of  Material — ^The  prices  of  structural  steel  is  quoted  in 
cents  per  pound  delivered  f  o  b.  on  cars  at  the  point  at  which  the 
quotation  is  made.  Current  prices  may  be  obtained  from  the  Engi- 
neering News,  Iron  Age  or  other  technical  papers.  The  present  prices 
(1911)  f.  o.  b.  Pittsburgh,  Pa.,  are  about  as  follows: 

TABLE  XLIX. 
Prices  op  Stsuctukal  Steel  (1911)  f.  o.  b  PrrrsBUXG,  Pa.,  in  Cents  fee  Pound. 

Price  in  Oct. 
Materia],  Per  Lk 

I-beams,  18  in.  and  over 1.50 

I-beams  and  channels,  3  in.  to  15  in 140 

H-beams,  over  8  in 1.60 

Angles,  3  in.  to  6  in.  inclusive 145 

Angles,  over  6  in. 1.50 

Zees,  3  in.  and  over 145 

Angles,  channels,  and  zees,  under  3  in 140 

Deck  beams  and  bulb  angles 1.70 

Checkered  and  corrugated  plates  1.75  to  1.90 

Plates,  structural,  base  1.3S 

Plates,  flange,  base 1.50 

Corrugated  steel  Xo.  22,  painted ;  •  2.00 

Corrugated  steel  No.  22,  galvanized   2.40 

Steel  sheets  Nos.  10  and  1 1,  black 1.65 

Steel  sheets  Nos.  10  and  1 1,  galvanized 2.00 

Steel  sheets  Xo.  22,  black 1.85 

Sheet  steel  Xo.  22,  galvanized 240 

Bar  iron,  base  140 
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The  prices  above  are  net  with  the  exception  of  those  for  plates  and 
bars,  which  are  subject  to  standard  extras  as  follows: 

Extras. — Shapes,  Plates  and  Bars: 

(Cutting  to  length) 

Under  3  ft.  to  2  ft.,  inclusive 0.25  cts.  per  lb. 

Under  2  ft.  to  i  ft,  inclusive 0.50  cts.  per  lb. 

Under  i  ft 1.55  cts.  per  lb. 

Extras — Plates  (Card  of  January  7,  1902): 

Base  i  in.  thick,  100  in.  wide  and  under,  rectangular  (see  sketches). 
Weights — see  Manufacturer's  Standard  Specifications,  Carnegie  or 
Cambria  Hand-books. 

Per  xoo  Lbt, 

Widths — 100  in.  to  iio in $  .05 

no  in.  to  115  in 10 

115  in.  to  120  in 15 

120  in.  to  125  in aS 

125  in.  to  130  in 50 

Over  130  in 1.00 

Gages  under  i  in.  to  and  including  ^  in 10 

Gages  under  -h  in  to  and  including  No.  8 15 

Gages  under  No.  8  to  and  including  No  9 25 

Gages  under  No.  9  to  and  including  No  10 30 

Gages  under  No.  10  to  and  including  No.  12 40 

Complete  circles   .20 

Boiler  and  flange  steel 10 

Marine  and  fire  box  20 

Ordinary  sketches   10 

(Except  straight  taper  plates,  varying  not  more  than  4  in.  in  width  at  ends, 
narrowest  end  not  less  than  30  in.,  which  can  be  supplied  at  base  prices.) 

TABLE   L. 

Standard  Classh^ication  op  Extras  on  Iron  and  Steel  Bars.* 

Rounds  and  Squares. 

Squares  up  to  4i  inches  only.    Intermediate  sizes  take  the  next  higher  extra. 

Per  zoo  Lba. 

I  to  3     in Rates. 

f  to    a  "  $0.10  extra. 

i  to    ft"  20     " 

ft  "  40     " 

i  "  50     " 

ft  "  60     " 

iandft  "  70     *' 

*  Adopted  August,  1902. 
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Per  zoo  Lbs 

A  in      I.OO  " 

A  "       2.00  " 

3TVt03i    "      15  " 

3Ato4     "      25  " 

4TVto4i   "      30  '' 

4ftto5     "      40  " 

Si    tosJ"      50  " 

5«    to6     "      75  " 

6i    to6i"      1.00  " 

61    to7i"      I.2S  " 

Flat  Bars  and  Heavy  Bands. 

Per  100  Lbs. 

I      to     6      in.  X  I  to     I      in Rates. 

I      to     6       "   X  i  and    A   "     $0.20  extra. 

tt  to       «   "   X  I  to        f    "     40  " 

«  to       «"xiand    ft"     50  " 

ft  and     j    "   X  I  to        i    "     50  " 

ft  and     f    "   X  J  and    ft   "     70  " 

i  "   X  I  and    ft"     90  " 

i  "   X  J  and    ft"     i.io  " 

ft  "   X  I  "     i.oo  " 

ft  "   X  1  and    ft   "     1.20  " 

I  "   X  1  and    ft   "     i.SO  " 

li    to     6    in.  X  ift  to     ift  in 10  ** 

i4    to     6     "   X  li    to     li     "     J20  " 

if    to     6     "   X  if    to     2|     "     30  " 

3i    to     6     "x3      to     4      "     40  " 

Light  Bars  and  Bands. 

Per  100  Lbs. 

il    to     6      m.  X  Nos.  7,  8,  9  and  ft  in $0.40  extra. 

i4    to     6      in.  X  Nos.  10,  II,  12  and  i  in 60  " 

I      to     ift  in.  X  Nos  7,  8,  9  and  ft  in 50  " 

I      to     ift  in  X  Nos.  10,  II,  12  and  i  in 70  " 

II  to       U  in.  X  Nos.  7,  8,  9  and  ft  in 70  " 

ii  and    il  in.  x  Nos.  10,  11,  12  and  4  in 80  " 

\h  and    f    in.  x  Nos.  7,  8,  9  and  ft  in i.oo  " 

Hand    f    in.  x  Nos.  10,  11,  12  and  4  in 1.20  " 

ft  and    I    in.  x  Nos.  7,  8,  9  and  ft  in 1.20  " 

ft  and    f    in.  X  Nos.  10,  II,  12  and  4  in 1.30  " 

4  X  Nos.  7,  8,  9  and  ft  in 1.30  " 

4  X  Nos.  10,  II,  12  and  4  in 1.50  " 

ft  X  Nos.  7,  8,  9  and  ft  in 1.80  " 

ft  X  Nos.  10,  II,  12  and  4  in 2.10  " 

I  X  Nos.  7,  8,  9  and  ft  in 1.90  " 

I  X  Nos.  10,  1 1,  12  and  4  in 2.40  " 
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Cost  of  Wire  Rope. — The  discount  on  wire  rope  is  about  50  per 
cent  from  standard  lists.  The  net  prices  of  wire  rope  are  (1911)  about 
as  follows,  f .  o.  b.  New  Jersey  mills. 


Di&mfiter   Tn 

Price  per  Foot. 

Cut  Steel. 

Crudble  Steel. 

Plow  Steel. 

3 

2 
1} 
i| 

1} 

I 

I1.O5 
.85 

•57 
.44 
.32 

.23 

.15 
.10 

.07 

.06 

I1.24 

1.05 

.65 

.54 

.39 
.28 

18 

.11 

.09 

.07 

I1.46 

1.22 

.76 

.64 

.45 
•32 
.21 

.13 
.10 

.07 

2.  COST  OF  FABRICATION.— The  cost  of  fabrication  of  struc- 
tural steel  work  may  be  divided  into  (i)  cost  of  drafting,  (2)  cost  of 
mill  details,  (3)  cost  of  shop  labor. 

Cost  of  Drafting. — Cost  of  drafting  varies  with  the  character  of  the 
work  and  the  tonnage  to  be  made  from  the  details  so  that  costs  per 
ton  may  mean  but  little.  Shop  details  for  circular  steel  bins  cost  from 
$1.50  to  $3.00  per  ton;  shop  details  for  conical  or  hopper  Wns  cost 
from  $4.00  to  $6.00  per  ton,  while  details  for  rectangular  bins  cost 
from  $2.00  to  $4.00  per  ton,  including  columns  and  bracing.  The  shop 
details  for  head  frames  and  coal  tipples  will  cost  from  $4.00  to  $6.00 
per  ton,  while  the  shop  details  for  ordinary  mill  buildings  will  cost 
from  $3.00  to  $4.00  per  ton. 

For  additional  costs  of  detailing  see  the  author's  "  The  Design  of 
Steel  Mill  Buildings"  and  "The  Design  of  Walls,  Bins  and  Grain 
Elevators." 

Cost  of  Mill  Details. — Bridge  companies  and  rolling  mills  have 
agreed  upon  standard  prices  for  cutting  to  size,  riveting  on  connection 
angles  and  similar  work.  The  American  Bridge  Company's  card  for 
cost  of  mill  details  is  the  one  in  most  common  use. 

American  Bridge  Go's  card  of  cost  of  mill  details: 

Mill  Rates: 

"a"  —  0.15  ct.  per  lb. 

This  covers : 

Plain  punching  I  size  hole  in  web  only. 

Plain  punching  I  size  hole  in  one  or  both  flanges. 
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€*   L  >i 


b" — 0.25  ct.  per  lb. 

This  covers  plain  punching  one  size  hole  in  either  web  and  one 
flange  or  web  and  both  flanges.  (The  holes  in  the  web  and  flange  must 
be  of  the  same  size.) 

" c" — 0.30  ct.  per  lb. 

This  covers : 

Punching  of  2  size  holes  in  the  web  only, 

Punching  of  2  size  holes  in  one  or  both  flanges. 

"d''— 0.3s  ct.  per  lb. 

This  covers  punching  and  assembling  into  girders.  Coping,  ordi- 
nary beveling,  including  riveting  and  bolting  of  standard  connection 
angles  (this  class  includes  beams  shipped  with  connection  angles 
bolted). 

" e" — 040  ct  per  lb. 

This  covers  the  punching  of  one  size  hole  in  the  web  and  another 
size  hole  in  the  flanges. 

"/"— o.iSct.  perlb. 

This  covers  cutting  to  length  with  less  variation  than  plus  or 
minus  f  ins. 

"r"  —  0.50  ct.  per  lb. 

This  covers  beams  with  cover  plates,  shelf  angles  and  ordinary 
riveted  beam  work,  unless  they  are  charged  under  class  "  d'* 

If  this  work  consists  of  bending  or  any  unusual  work,  the  beams 
should  not  be  included  in  the  beam  classification  but  estimated  the  same 
as  riveted  work.  On  all  material  estimated  for  cost  at  mill  rates,  10 
cts.  per  100  lbs.  is  to  be  allowed  for  painting  and  S  cts.  per  100  lbs.  is 
to  be  allowed  for  drawings. 

Fittings, — All  fittings,  whether  loose  or  attached,  such  as  angle  con- 
nections, bolts,  separators,  tie  rods,  etc.,  whenever  they  are  estimated 
on  in  connection  with  beams  or  channels,  to  be  charged  at  1.55  cts.  per 
lb.  over  and  above  the  base  price.  The  extra  charge  for  painting  is 
to  be  added  to  the  price  for  fittings  also.  The  base  price  on  which 
fittings  are  based  is  not  the  base  price  of  the  beams  to  which  they  are 
attached,  but  is  in  all  cases  the  base  price  of  beams  15  in.  and  under. 
The  above  rates  will  not  include  painting  or  oiling,  which  should  be 
charged  at  the  rate  of  o.io  ct.  per  lb.  for  one  coat,  over  and  above 
the  base  price  plus  the  extra  specified  above.  For  plain  punched  beams, 
where  holes  of  more  than  two  sizes  are  used,  0.15  ct.  per  lb.  should 
be  added  for  each  additional  size  hole;  for  example,  plain  punched 
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beams,  where  three  size  holes  occur,  would  be  indicated  as  'V"  plus 
0.15  ct. ;  four  size  holes  as  "  e''  plus  0.30  ct.;  for  example,  a  beam  with 
f  in.  and  \  in.  holes  in  the  flanges  and  f  in.  and  f  in.  holes  in  the  web 
should  be  included  in  class  *'  e" 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates  except 
"  d  *'  and  would  have  to  be  indicated ;  for  example,  plain  punching  one 
size  hole  in  either  web  and  one  flange,  or  web  and  both  flanges,  and 
cutting  to  length  would  be  marked  "  bf"  which  would  establish  a  total 
charge  of  0.40  ct.  per  lb. 

Note  to  class  "  rf  " : 

No  extra  charge  can  be  rendered  to  this  class  for  punching  various 
size  holes  or  cutting  to  length ;  in  other  words,  if  a  beam  is  coped,  or 
has  connection  angles  riveted  or  bolted  to  it,  it  makes  no  difference  how 
many  size  holes  are  punched  in  this  beam — ^the  extra  will  always  be  the 
same,  namely,  0.35  ct. 

Beams  with  shelf  angles,  short  seat  angles  or  cover  plates  are  strictly 
not  covered  by  card  rates.  They  can  be  charged  either  under  class 
"  d,"  this  rate  covering  only  the  beam  proper,  in  which  case  all  other 
material  ought  to  be  rated  as  fittings  with  the  charge  of  1.55  cts.  per  lb. 
over  and  above  the  base  price,  or  they  can  be  classified  under  a  special 
shop  rate,  '>/'  —  0.50  ct.  per  lb.  This  rate  applies  to  all  material 
forming  the  piece.  It  is  the  intention  to  charge  whatever  figures  are 
the  lowest,  in  order  to  give  the  customer  the  benefit  of  the  doubt.  In 
preparing  the  estimate,  beam  material  should  be  marked  with  the  letter 
"h"  and  to  this  should  be  added  the  letter  giving  the  classification, 
thus:  A  beam  punched  with  one  size  hole  in  one  or  both  flanges  will 
be  marked  "  b  a,"  etc. 

Mill  Orders. — In  mill  orders  the  following  items  should  be  borne 
in  mind.  Where  beams  butt  at  each  end  against  some  other  member, 
order  the  beams  i  inch  shorter  than  the  figured  lengths ;  this  will  allow 
a  clearance  of  J  inch  if  all  beams  come  f  of  an  inch  too  long.  Where 
beams  are  to  be  built  into  the  wall,  order  them  in  full  lengths,  making 
no  allowance  for  clearance.  Order  small  plates  in  multiple  lengths. 
Irregular  plates  on  which  there  will  be  considerable  waste  should  be 
ordered  cut  to  templet.  Mills  will  not  make  reentrant  cuts  in  plates. 
Allow  J  of  an  inch  for  each  milling  for  members  that  have  to  be  faced. 
Order  web  plates  for  girders  i  to  ^  inch  narrower  than  the  distance 
back  to  back  of  angles.     Order  as  nearly  as  possible  every  thing  cut 
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to  required  length,  except  where  there  is  liable  to  be  changes  made,  in 
which  case  order  long  lengths. 

It  is  often  possible  to  reduce  the  cost  of  mill  details  by  having  the 
mills  do  only  part  of  the  work,  the  rest  being  done  in  the  field,  or  by 
sending  out  from  the  shop  to  be  riveted  on  in  the  field  connection  angles 
and  other  small  details  that  would  cause  the  work  to  take  a  very  much 
higher  price  Standard  connections  should  be  used  wherever  possible, 
and  special  work  should  be  avoided. 

The  classification  of  iron  and  steel  bars  is  given  in  Table  L  The 
full  extra  charges  for  sizes  other  than  those  taking  the  base  rate  are 
seldom  enforced ;  one  half  card  extras  being  very  common. 

In  estimating  the  cost  of  plain  material  in  a  finished  structure  the 
shipping  weight  from  the  structural  shop  is  wanted.  The  cost  of  mate- 
rial f.  o.  b.  the  shop  must  therefore  include  the  cost  of  waste,  paint 
material,  and  the  freight  from  the  mill  to  the  shop.  The  waste  is 
variable  but  as  an  average  may  be  taken  at  4  per  cent.  Paint  material 
may  be  taken  as  one  dollar  per  ton.  The  cost  of  plain  material  at  the 
shop  would  be 

Cta. 

Average  cost  per  pound  f.  o.  b.  mill  say 1.7S 

Add  4  per  cent  for  waste .07 

Add  $1.00  per  ton  for  paint  material 05 

Add  freight  from  mill  to  shop  (Pittsburg  to  St.  Louis) 225 

Total  cost  per  pound  f .  o.  b.  shop 2.095 

To  obtain  the  average  cost  of  steel  per  pound  multiply  the  pound 
price  of  each  kind  of  material  by  the  percentage  that  this  kind  of 
material  is  of  the  whole  weight,  the  sum  of  the  products  will  be  the 
average  pound  price. 

SHOP  COSTS. — ^The  following  estimated  shop  costs  include  the 
cost  of  detailing  and  shop  labor.  The  costs  are  based  upon  the  aver- 
age charge  of  40  cents  per  hour  for  all  labor. 

Columns. — In  lots  of  at  least  six,  the  shop  cost  of  columns  is  about 
as  follows:  Columns  made  of  two  channels  and  two  plates,  or  two 
channels  laced  cost  about  0.80  to  0.70  cent  per  lb.,  for  columns  weigh- 
ing from  600  to  1,000  lbs.  each;  columns  made  of  4  angles  laced  cost 
from  0.80  to  1. 10  cents  per  lb.;  columns  made  of  two  channels  and 
one  I-beam,  or  three  channels  cost  from  0.65  to  0.90  cent  per  lb.; 
columns  made  of  single  I-beams,  or  single  angles  cost  about  0.50  cent 
per  lb. ;  and  Z-bar  columns  cost  from  0.70  to  0.90  cent  per  lb. 
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Plain  cast  columns  cost  from  1.50  to  0.75  cents  per  lb.,  for  columns 
weighing  from  500  to  2,500  lbs.,  in  lots  of  at  least  six. 

Roof  Trusses. — In  lots  of  at  least  six,  the  shop  cost  of  ordinary 
riveted  roof  trusses  in  which  the  ends  of  the  members  are  cut  off  at 
right  angles  is  about  as  follows:  Trusses  weighing  1,000  lbs.  each,  1.15 
to  1.25  cents  per  lb.;  trusses  weighing  1,500  lbs.  each,  0.90  to  i.oo 
cent  per  lb.;  trusses  weighing  2,500  lbs.  each,  0.75  to  0.85  cent  per 
lb. ;  and  trusses  weighing  3,500  to  7,500  lbs  0.60  to  0.75  cent  per  lb. 
Pin  connected  trusses  cost  from  o.io  to  0.20  cent  per  lb.  more  than 
riveted  trusses. 

Eave  Struts. — Ordinary  eave  struts  made  of  4  angles  laced,  whose 
length  does  not  exceed  20  to  30  feet,  cost  for  shop  work  from  0.80  to 
I.oo  cent  per  lb. 

Plate  Girders. — The  shop  work  on  plate  girders  for  crane  girders 
and  floors  will  cost  from  0.60  to  1.25  cents  per  lb.,  depending  upon  the 
weight,  details  and  number  made  at  one  time. 

Eye-Bars. — The  shop  cost  of  eye-bars  varies  with  the  size  and 
length  of  the  bars  and  the  number  made  alike.  The  following  costs 
are  a  fair  average:  Average  shop  cost  of  bars  3  in.  and  less  in  width 
and  f  in.  and  less  in  thickness,  is  from  1.20  to  1.85  cents  per  lb.,  de- 
pending on  length  and  size.  A  good  order  of  bars  running  from  2^ 
in.  X  i  in.  to  3  in.  X  f  in.,  and  from  16  to  30  ft.  long,  with  few  varia- 
tions in  size,  will  cost  about  1.20  cents  per  lb.  Large  bars  in  long 
lengths  ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to 
0.75  cent  per  lb. 

To  get  the  total  cost  of  eye-bars  the  cost  of  bar  steel  must  be  added 
to  the  shop  cost. 

Bins. — Shop  costs  for  circular  and  rectangular  bins  are  given  in 
Table  LI,  while  shop  costs  for  bin  bottoms  are  given  in  Table  LIL 


TABLE  LI. 

Shop  Cost  of  Circular  and  Rectangular  Bins  not  Including  Hoppers  or 

Bottoms. 

Thickneas  of  Metal.  In 

Shop  Cost  in  Cents  per  Lb. 

i 

f 

0.80 

0.75 
0.70 

0.65 

COST  OF   ERECTION. 

TABLE  LII. 
Shop  Cost  of  Bottoms  fob  Circular  and  Rectangular  Bins. 


367 


ThickncMoT 
Material,  In. 

Flat  Bottom, 
Cenupcr  Lb. 

Spherical  Bottom, 
Cenu  per  Lb. 

Hopper  Bottom, 
Cents  per  Lb. 

Cents  per  Lb. 

i 

f 

1.50 

145 
1.40 

1.25 

4.00 

4.15 
4.40 

450 

350 

3.OO 
2.75 

2.50 

2.50 
2.40 
2.25 
200 

Steel  Head  Works. — Shop  costs  for  ten  steel  frames  are  given  in 
Table  LIII  and  vary  from  $21.80  to  $48.80  per  ton.  The  shop  costs  of 
four  steel  coal  tipples  are  given  in  Table  LIV.  The  shop  costs  of  steel 
head  frames  and  coal  tipples  are  high,  due  to  the  large  percentage  of 
details  and  skew  connections. 

3.  Cost  of  Erection. — In  estimating  the  cost  of  erection  of  struc- 
tural steel  work  it  is  best  to  divide  the  cost  into  (a)  cost  of  placing  and 
bolting  the  steel,  and  (b)  cost  of  riveting.  The  cost  will  be  based  on 
labor  at  $3.00  per  day  of  8  hours. 

(a)  Cost  of  Placing  and  Bolting, — ^The  cost  of  placing  and  bolting 
up  steel  bins  may  be  estimated  at  from  $10.00  to  $15.00  per  ton.  The 
cost  of  placing  and  bolting  up  head  frames  may  be  estimated  at  from 
$12.00  to  $18.00  per  ton. 

(b)  Cost  of  Riveting. — It  will  cost  from  6  to  10  cents  per  rivet  to 
drive  f  or  f  in.  rivets  by  hand  in  structural  framework  where  a  few 
rivets  are  found  in  one  place.  A  fair  average  is  7  cents  per  rivet.  The 
same  size  rivets  can  be  driven  in  tank  work  for  from  4  to  7  cents  per 
rivet,  with  5  cents  per  rivet  as  a  fair  average. 

The  cost  of  riveting  by  hand  is  distributed  about  as  follows : 

3  men,  2  driving  and  i  bucking  up,  at  $3.50  per  day  of  8  hours.  .$10.50 

I  rivet  heater  at  $3.00  per  day  of  8  hours 3.00 

Coal,  tools,  superintendence 1.50 

Total  per  day $15.00 

On  structural  work  a  fair  day's  work  driving  f  in.  or  f  in.  rivets  will 
be  from  150  to  250,  depending  upon  the  amount  of  scaffolding  required. 
This  makes  the  total  cost  from  6  to  10  cents  per  rivet. 

On  bin  work  when  the  rivets  are  close  together  and  little  staging  is 
required  the  gang  above  will  drive  from  200  to  400  rivets  per  day. 
This  makes  the  total  cost  from  about  4  to  7  cents  per  rivet. 
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Rivets  can  be  driven  by  power  riveters  for  one  half  to  three  fourths 
the  above,  not  counting  the  cost  of  installation. 

Soft  iron  rivets  i  in.  and  under  can  be  driven  cold  for  about  one 
half  what  the  rivet  can  be  driven  hot,  or  even  less. 

Small  steel  frame  buildings  like  those  given  in  Table  XLVIII  will 
cost  about  $10.00  per  ton  for  the  erection  of  the  steel  framework,  if 
trusses  are  riveted  and  all  other  connections  are  bolted.  The  cost  of 
laying  corrugated  steel  is  about  $0.75  per  square  when  laid  on  plank 
sheathing,  $1.25  per  square  when  laid  directly  on  the  purlins,  and  $2.00 
per  square  when  laid  with  anti-condensation  lining.  The  erection  of 
corrugated  steel  siding  costs  from  $0.75  to  $1.00  per  square.  The  cost 
of  erecting  heavy  machine  shops,  all  material  riveted  and  including  the 
cost  of  painting  but  not  the  cost  of  the  paint,  is  about  $8.50  to  $9.00 
per  ton.  Small  buildings  in  which  all  connections  are  bolted  may  be 
erected  for  from  $5.00  to  $6.00  per  ton.  The  cost  of  erecting  the  East 
Helena  transformer  building  (next  to  the  last  building  in  Table  XLVIII) 
was  $12.80  per  ton,  including  the  erection  of  the  corrugated  steel  and 
transportation  of  the  men.  The  cost  of  erecting  the  Carbon  Tipple 
was  $8.80  per  ton,  including  corrugated  steel.  The  cost  of  erection  of 
the  Basin  &  Bay  State  Smelter  was  $8.20  per  ton,  including  the  hop- 
pers and  corrugated  steel. 

The  shop  costs,  costs  of  erection,  weight  and  other  data  for  ten 
steel  head  frames  are  given  in  Table  LIII.  With  the  exception  of  the 
Grand  Central  all  the  head  frames  were  built  in  the  Butte  district 
The  actual  shipping  weights  of  fifteen  steel  head  frames  are  given  in 
Table  XIX,  and  of  eight  coal  tipples  in  Table  XX.  The  shop  and 
erection  costs  of  three  steel  coal  tipples  and  a  steel  coal  washer  are 
given  in  Table  LIV. 

TABLE  LIV. 

Cost  op  Steel  Coal  Tipples  and  a  Coal  Washes. 
Designed  and  Erected  by  The  Gillette-Herzog  Mfg.  Co.  in  Montana. 


K 


Date. 


Size. 


Wdgfat.  Lb*. 


Stmctnzal 
Steel. 


Carbon  CcmI  Co.  Tipple..  1898  j  41^  X  150'  X  44^ 

R.  F.  Co.  Tipple. 1899    31^  X  124^  X  40' 

Gebo  Tipple 1898  i  27^  X   9^  X  55' 

Belt  Coal  WMher. 1898' 44^  X    7^^  Y  Soj'    204.900 

2S 


355.400 
171,200 
117,200 


COTT, 

Steel. 


Cost  per  Ton. 


16,800 
3«»30O 
10,300 
12,400 


Sbop. 

#20.20 
I18.60 

1^3-40 
I16.OO 


^.00 
I8.80 
$6,60 

I8.00 
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Cost  of  Painting. — The  amount  of  materials  to  make  a  gallon  of 
paint  and  the  surface  covered  by  one  gallon  are  given  in  Table  LV. 


TABLE  LV. 
Average  Surface  Gtvered  per  Gallon  of  Paint. 


Paint 

Volume  of  Oil. 

Poondtof 
Piffoent. 

Volume  and 
Weight  of  Paint. 

Square  Feet. 

I  Coat. 

sCoata. 

Iron  oxide  (powdered) 

Iron  oxide  (ground  in  oil).. 

Read  lead  (powda«d) 

White  lead  (ground  in  oil).. 

Graphite  (ground  in  oil) 

Black  asphalt 

I  «*  (tnrp.) 

8.00 

24.75 
22.40 

25.00 

12.50 

17.25 

Gait        Lbe 
1.2  —  16.00 
2.6=32.75 

i.4  =  3a40 
1.7  —  33.00 
2.0=  20.50 
4.0  —  30.00 

600 

630 
630 
500 
630 

515 

875 

350 

375 

375 
300 

350 
310 

Linseed  oil  (no  pigment)  ... 

Light  structural  work  will  average  about  250  square  feet  and  heavy 
Structural  work  about  150  square  feet  of  surface  per  net  ton  of  metal, 
while  No.  20  corrugated  steel  has  2400  square  feet  of  surface. 

It  is  the  common  practice  to  estimate  J  gallon  of  paint  for  the  first 
coat  and  f  gallon  for  the  second  coat  per  ton  of  structural  steel,  for 
average  conditions. 

The  price  of  paint  materials  in  small  quantities  in  Qiicago  are 
(1911)  about  as  follows:  Linseed  oil,  50  to  60  cents  per  gal.;  iron 
oxide,  I  to  2  cents  per  lb. ;  red  lead,  7  to  8  cents  per  lb. ;  white  lead,  6 
to  7  cents  per  lb. ;  graphite,  6  to  10  cents  per  lb. 

A  good  painter  should  paint  1,200  to  1,500  square  feet  "of  plate  sur- 
face or  corrugated  steel  or  300  to  500  square  feet  of  structural  steel 
work  in  a  day  of  8  hours;  the  amount  covered  depending  upon  the 
amount  of  staging  and  the  paint.  A  thick  red  lead  mixed  with  30  lbs. 
of  lead  to  the  gallon  of  oil  will  take  fully  twice  as  long  to  apply  as  a 
graphite  paint  or  linseed  oil. 

For  additional  information  on  paints  and  painting  see  (Thapter  IX, 
also  see  "  The  Design  of  Steel  Mill  Buildings,"  Chapter  XXVII. 

Estimate  of  Cost  of  a  Steel  Head  Frame. — ^The  estimated  cost  of 
the  75  ft.  steel  head  frame  built  by  the  American  Bridge  Company  for 
the  Tonopah-Belmont  Mining  Co.,  Tonopah,  Nev.,  will  be  calculated, 
based  on  present  (1911)  prices.  The  estimate  of  the  weight  of  the 
head  frame  is  given  in  Table  XLVII. 

Cost  of  Plain  Material, — ^The  cost  of  plain  material  f.  o.  b.  Pitts- 
burgh will  be  as  follows : 
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Channels  and  beams  19,500  lbs.  ®  140  =  $273X)0 

Angles  3  in.  to  6  in 17,543  lbs.  @  145  =  254.57 

Angles  under  3  in.  and  bars 10,065  lbs.  @  140  =   140.91 

Plates  15,630  lbs.  @  1.35=  211.00 

62,738  $87948 

Average  cost  of  plain  material  =  87948/62.738  =1.40  cents  per 
pound. 

The  cost  of  structural  steel  per  pound  f.  o.  b.  shop  will  be  as 
follows : 

Cia. 

Average  cost  per  pound  f  o.  b.  mill 140 

Add  4  per  cent  for  waste 0.056 

Add  $1.00  pel  ton  for  paint  material 0.05 

Add  freight  from  mill  to  shop  (Pittsburg  to  Chicago)  0.165 

Total  cost  per  pound  f.  o.  b.  shop 1.671 

The  shop  cost  will  be  taken  at  1.50  cts.  per  pound  and  the  cost  of 
erection  at  $30.00  per  ton,  not  including  field  painting.  Structural 
steel  in  car  load  lots  takes  fifth-class  rate. 

Estimate  of  Cost  op  75-ft.  Steel  Head  Frame. 

Structural  steel  f.  o.  b.  shop  62,738  lbs.  @  3.171  c.  =  $1,99042 

Freight  shop  to  site,  32  tons  @  $20.00  (estimated)  =      640.00 

Erection,  31.5  tons  @  $30.00  =      945.00 

Paint  for  field  coat,  30  gallons  @  $1.50  =       45^)0 

Labor  painting,  10  days  @  $4.00  =       40.00 

$3,66042 
Profit*  IS  per  cent $  549 

Total  cost  erected $4,20942 

Miscellaneous  Costs. — ^For' costs  of  roof  coverings,  floors,  win- 
dows, doors,  corrugated  steel,  and  many  other  details  of  steel  frame 
buildings,  see  the  author's  "The  Design  of  Steel  Mill  Buildings." 
Additional  data  on  bins  of  various  types  are  given  in  the  author's 
"  The  Design  of  Walls,  Bins  and  Grain  Elevators." 


APPENDIX  L 

GENERAL  SPECIFICATIONS  FOR  STEEL  MINE 

STRUCTURES. 

BY 

MILO  S.  KETCHUM, 
M.  Am.  Soc.  C.  E. 

Part   I.    Steel  Frame  Buildings. 

Part  II.    Steel  Head  Frames  and  Coal  Tipples,  Washers  and 

Breakers. 
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PART  I.    STEEL  FRAME  BUILDINGS. 

GENERAL  DESCRIPTION. 

1.  Height  of  Building. — ^The  height  of  the  building  shall  be  the 
distance  from  the  top  of  the  masonry  to  the  under  side  of  the  bottom 
chord  of  the  truss. 

2.  Dimensions  of  Building. — The  width  and  length  of  the  building 
shall  be  the  extreme  distance  out  to  out  of  framing  or  sheathing. 

3.  Length  of  Span. — The  length  of  trusses  and  girders  in  calcu- 
lating stresses  shall  be  considered  as  the  distance  from  center  to  center 
of  end  bearings  when  supported,  and  from  end  to  end  when  fastened 
between  columns  by  connection  angles. 

4  Pitch  of  Roof. — ^The  pitch  of  roof  for  corrugated  steel  shall 
preferably  be  not  less  than  J  (6"  in  12"),  and  in  no  case  less  than  i. 
For  a  pitch  less  than  ^  some  other  covering  than  corrugated  steel  shall 
be  used. 

5.  Spacing  of  Trusses. — Trusses  shall  be  spaced  so  that  simple 
shapes  may  be  used  for  purlins.  The  spacing  should  be  about  16  feet 
for  spans  of,  say,  50  feet  and  about  20  to  22  feet  for  spans  of,  say, 
100  feet.  For  longer  spans  than  100  feet  the  purlins  may  be  trussed 
and  the  spacing  may  be  increased. 

6  Spacing  of  Purlins. — Purlins  shall  be  spaced  not  to  exceed  4'  9" 
where  corrugated  steel  is  used,  and  shall  be  placed  at  panel  points  of 
the  trusses. 

7.  Form  of  Trusses. — The  trusses  shall  preferably  be  of  the  Fink 
type  with  panels  so  subdivided  that  panel  points  will  come  under  the 
purlins.  If  it  is  not  practicable  to  place  the  purlins  at  panel  points,  the 
upper  chords  of  the  trusses  shall  be  designed  to  take  both  the  flexural 
and  direct  stresses.     Trusses  shall  preferably  be  riveted  trusses. 

8.  Bracing. — Bracing  in  the  plane  of  the  lower  chords  shall  be  stiff; 
bracing  in  the  planes  of  the  top  chords,  the  sides  and  the  ends  may  be 
made  adjustable. 

9.  Proposals. — Contractors  in  submitting  proposals  shall  furnish  • 
complete  stress  sheets,  general  plans  of  the  proposed  structures  giving 

375 


376 


SPECIFICATIONS. 


sizes  of  material,  and  such  detail  plans  as  will  clearly  show  the  dimen- 
sions of  the  parts,  modes  of  construction  and  sectional  areas. 

10.  Detail  Plans. — The  successful  contractor  shall  furnish  all 
working  drawings  required  by  the  engineer  free  of  cost.  Working 
drawings  will,  as  far  as  possible,  be  made  on  standard  size  sheets  24'' 
X  36"  out  to  out,  22"  X34"  inside  the  inner  border  lines. 

11.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials 
ordered  until  the  working  drawings  are  approved  in  writing  by  the 
engineer.  The  contractor  shall  be  responsible  for  dimensions  and 
details  on  the  working  plans,  and  the  approval  of  the  detail  plans  by  the 
engineer  will  not  relieve  the  contractor  of  this  responsibility. 


Loads. 

12.  The  trusses  shall  be  designed  to  carry  the  following  loads : 

13.  DEAD  LOADS.  Weight  of  Trusses.— The  weight  of  trusses 
per  square  foot  of  horizontal  projection,  up  to  150  feet  span  shall  be 
calculated  by  the  formula 


w^ 


where  PT^ weight  of  trusses  per  square  foot  of  horizontal  projection; 
F= capacity  of  truss  in  pounds  per  square  foot  of  horizontal 

projection  ; 
L  =  span  of  the  truss  in  feet ; 
A  =  distance  between  trusses  in  feet. 
14.  Weight  of  Covering.    Corrugated  SteeL — The  weight  of  cor- 
rugated steel  shall  be  taken  from  Table  L 

TABLE  I. 
Weight  of  Flat  and  Q)WtuGATED  Steel  Sheets  wrrn  21-inch  Corsugations. 


ThickneM  in 
Inches. 

Weight  per  Square  (xoo  Sq.  Ft.). 

Gage  No. 

Flat  Sheets. 

BUck. 

Galvanized. 

Black  Pahited. 

Gahranized. 

16 
18 

ao 
22 

24 
26 

28 

.0625 
0500 

.0375 

.0313 
.0250 
.0188 
.0156 

250 
200 

150 
125 

100 

75 
63 

266 
216 
166 

141 
116 

79 

275 
220 

16S 

III 

84 
69 

291 

154 
127 

99 
86 
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When  two  comigations  side  lap  and  six  inches  end  lap  are  used, 
add  25  per  cent  to  the  above  weights;  when  one  corrugation  side  lap 
and  four  inches  end  lap  are  used,  add  15  per  cent  to  the  above  weights 
to  obtain  weight  of  corrugated  steel  laid.  For  p^int  add  2  pounds  per 
square.  The  weight  of  covering  shall  be  reduced  to  weight  per  square 
foot  of  horizontal  projection  before  combining  with  the  weight  of 
trusses, 

15.  Slate. — Slate  laid  with  3  inch  lap  shall  be  taken  at  a  wei^t  of 
7§  pounds  per  square  foot  of  inclined  roof  surface  for  -fg"  slate  6" 
X  12",  and  6|  pounds  per  square  foot  of  inclined  roof  surface  for  -f," 
slate  12^  X  24",  and  proportionately  for  other  sizes. 

16.  Tile. — Tcrra-cotta  tile  roofing  weighs  about  6  pounds  per 
square  foot  for  tile  i  inch  thick ;  the  actual  weight  of  tile  and  other 
roof  coverings  not  named  shall  be  used. 

17.  Sheathing  and  Purlins Sheathing  of  dry  pine  lumber  shall 

be  assumed  to  weigh  3  pounds  per  foot  and  dry  oak  purlins  4  pounds 
per  foot  board  measure, 

18.  Miscellaneous  Loads. — The  exact  weight  of  sheathing,  pur- 
lins, bracing,  ventilators,  cranes,  etc.,  shall  be  calculated. 

19.  SNOW  LOADS^— Snow  loads  shall  be  taken  from  the  dia- 
gram in  Fig.  I. 

t 
"i 


Lotoudie  m  Degrees 
Fit  L    Ssow  li>A3  ox  R'jofs  fjB  D.-iTiMsi  Lai!!'. ics,  :>  Lm.  fia  Sq-.ak 

20.  WIND  LOADS.. — The  nonr.aI  wird  presstire  on  tr-^ss 
be  computed  bj"  thicherr.in's  fiynr.-j'.z,  F:g.  2,  with  P^y>  po-- 
square  foot,  except  f'-r  l«:Mir,g3  in  ex;r,^*d  Iccatircr.},  where 
pounds  per  upiare  U^A  i'r^'.'.  be  t;§ed. 
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21.  The  sides  and  ends  of  buildings  shall  be  computed  for  a  normal 
wind  load  of  20  pounds  per  square  foot  of  exposed  surface  for  build- 
ings 30  feet  and  less  to  the  eaves;  30  pounds  per  square  foot  of  exposed 
surface  for  buildings  60  feet  to  the  eaves,  and  in  proportion  for  inter- 
mediate heights. 


O       9        l0ld2O29J0U4O49       9Q9060e979790009g0 

Angle  Cxp^aed  Roof  fVxiKes  with  HoHzonidln  Degreed  .A. 

Fig.  2.    Normal  Wind  Load  on  Roof  According  to  Different  Formulas. 


22.  Mine  Buildings. — Mine,  smelter  and  other  buildings  exposed 
to  the  action  of  corrosive  gases  shall  have  their  dead  loads  increased 
25  per  cent. 

23.  Concentrated  Loads. — Concentrated  loads  and  crane  girders 
shall  be  considered  in  determining  dead  loads. 

24.  Purlins. — Purlins  shall  be  designed  to  carry  the  actual  weight 
of  the  covering,  roofing  and  purlins,  but  shall  always  be  designed  for  a 
normal  load  of  not  less  than  30  lbs.  per  square  foot. 

25.  Girts. — Girts  shall  be  designed  for  a  normal  load  of  not  less 
than  25  lbs.  per  square  foot. 
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26.  Roof  Covering. — Roof  covering  shall  be  designed  for  a  normal 
load  of  not  less  than  30  lbs.  per  square  foot. 

27.  Minimum  Loads. — No  roof  shall,  however,  be  designed  for  an 
equivalent  load  of  less  than  30  pounds  per  square  foot  of  horizontal 
projection. 

28.  Loads  on  Foundations. — The  loads  on  foundations  shall  not 
exceed  the  following  in  tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm  coarse  sand 4 

Firm  coarse  sand  and  gravel 5 

Shale  rock  8 

Hard  rock  20 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.,  never  more  than 
one  ton  per  square  foot. 

29  Stresses  in  Masonry. — ^The  allowable  stresses  in  masonry  shall 
not  exceed  the  following : 

Tom  per         Lbt.pcr 
Sq.  Ft.  8q.  la. 

Common  brick,  Portland  cement  mortar 12  168 

Hard  burned  brick,  Portland  cement  mortar 15  210 

Rubble  masonry,  Portland  cement  mortar  10  140 

First  class  masonry,  crystalline  sandstone  or  limestone...  25  350 

First  class  masonry,  granite  30  420 

Portland  cement  concrete,  1-3-5  20  280 

Portland  cement  concrete,  1-2-4  30  420 

30.  Pressures  on  Masonry. — ^The  pressure  of  column  bases,  beams, 
etc.,  on  masonry  shall  not  exceed  the  following  in  pounds  per  square 
inch. 

Brick  work  with  cement  mortar 250 

Rubble  masonry  with  cement  mortar 250 

Portland  cement  concrete,  1-2-4  500 

First  class  dimension  sandstone  or  limestone 400 

First  class  granite   500 

31.  Loads  on  Timber  Piles. — ^The  maximum  load  carried  by  a  pile 
shall  not  exceed  40,000  lbs.,  or  600  lbs.  per  sq,  in.  of  its  average  cross- 
section.    The  allowable  load  on  piles  driven  with  a  drop  hammer  .shall 

2IV  h 
be  determined  by  the  formula  P=-  ■■    ,    Where  P  =  safe  load  on 
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pile  in  tons;  W^  =  weight  of  hammer  in  tons;  A  =  free  fall  of  hammer 
in  feet;  ^= average  penetration  for  the  last  six  blows  of  the  hammer 
in  inches.  Where  a  steam  hammer  is  used,  ^  is  to  be  used  in  place  of 
unity  in  the  denominator  of  the  right  hand  member  of  the  formula. 

Piles  shall  have  a  penetration  of  not  less  than  lo  ft.  in  hard  mate- 
rial, such  as  gravel,  and  not  less  than  15  ft  in  loam  or  soft  material. 

Proportion  of  Parts. 

32.  Allowable  Stresses. — In  proportioning  the  different  parts  of 
the  structure  the  maximum  stresses  due  to  the  combinations  of  the 
dead  and  wind  load ;  dead  and  snow  load ;  or  dead,  minimum  snow  and 
wind  load  are  to  be  provided  for.  Concentrated  loads  where  they 
occur  must  be  provided  for. 

33.  Tensile  Stress. — ^Allowable  Unit  Tensile  Stresses  for  Struc- 
tural Steel.    For  direct  dead,  snow  and  wind  loads. 

Lbc  per  Sq.  In. 

Shapes,  main  members,  net  section 16,000 

Bars    16,000 

Bottom  flanges  of  rolled  beams 16,000 

Shapes,  laterals,  net  section 20,000 

Iron  rods  for  laterals  20,000 

Plate  girder  webs,  shear  on  net  section 10,000 

Shapes  liable  to  sudden  loading  as  when  used   for 

crane  girders 10,000 

Expansion  rollers  per  lineal  inch  600  X  D 

where  D  =  diameter  of  roller  in  inches. 

Laterals  shall  be  designed  for  the  maximum  stresses  due  to  5,000 
pounds  initial  tension  and  the  maximum  stress  due  to  wind. 

34.  Compressive  Stress. — Allowable  Unit  Compressive  Stress  for 
Structural  Steel.    For  direct  dead,  snow  and  wind  loads 

5=  16,000—  70- 

where 5'= allowable  unit  stress  in  pounds  per  sq.  in.; 

/= length  of  member  in  inches  c.  to  c.  of  end  connections; 
r=least  radius  of  gyration  of  the  member  in  inches. 

35.  Plate  Girders. — Top  flanges  of  plate  girders  shall  have  the 
same  gross  area  as  the  tension  flanges. 
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36.  Shear  in  webs  of  plate  girders  shall  not  exceed  10,000  pounds 
per  sq.  in.  of  net  section. 

37.  Alternate  Stress. — Members  and  connections  subject  to  alter- 
nate stresses  shall  be  designed  to  take  each  kind  of  stress. 

38.  Combined  Stress. — Members  subject  to  combined  direct  and 
bending  stresses  shall  be  proportioned  according  to  the  following 
formula: 

•5  =  -T  + 


loE 

where 5"==  stress  in  lbs.  per  sq.  in.  in  extreme  fiber; 
P=  direct  load  in  lbs.; 
^  =  area  of  member  in  sq.  in.; 
Af= bending  moment  in  in.-lbs. ; 
y\  =  distance  from  neutral  axis  to  extreme  fiber  in  in. ; 
/= moment  of  inertia  of  member; 
/= length  member,  or  distance  from  point  of  zero  moment  to 

end  of  member  in  in. ; 
£= modulus  of  elasticity  =  30,000,000. 

When  combined  direct  and  flexural  stress  due  to  wind  is  consid- 
ered, 50  per  cent  may  be  added  to  the  above  allowable  tensile  and  com- 
pressive stresses. 

39.  Stress  Due  to  Weight  of  Member. — ^Wliere  the  stress  due  to 
the  weight  of  the  member  or  due  to  an  eccentric  load  exceeds  the 
allowable  stress  for  direct  loads  by  more  than  10  per  cent,  the  section 
shall  be  increased  until  the  total  stress  does  not  exceed  the  above  allow- 
able stress  for  direct  loads  by  more  than  10  per  cent 

The  eccentric  stress  caused  by  connecting  angles  by  one  leg  when 
used  as  ties  or  struts  shall  be  calculated,  or  only  one  leg  will  be  consid- 
ered effective. 

40.  Rivets. — ^Rivets  shall  be  so  spaced  that  the  shearing  stress  shall 
not  exceed  11,000  pounds  per  square  inch;  nor  the  pressure  on  the 
bearing  surface  (diameter  X  thickness  of  piece)  of  the  rivet  hole  ex- 
ceed 22,000  pounds  per  square  inch 

Rivets  in  lateral  connections  may  have  stresses  25  per  cent  in  excess 
of  the  above. 
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Field  rivets  shall  be  spaced  for  stresses  two  thirds  those  allowed 
for  shop  rivets. 

Field  bolts,  when  allowed,  shall  be  spaced  for  stresses  two  thirds 
those  allowed  for  field  rivets. 

Rivets  and  field  bolts  must  not  be  used  in  direct  tension.  Where  it 
is  necessary  that  connections  take  tension  turned  bolts  shall  be  used. 

41.  Pins. — Pins  shall  be  proportioned  so  that  the  shearing  stress 
shall  not  exceed  11,000  pounds  per  square  inch ;  nor  the  pressure  on  the 
bearing  surface  (diameter  X  thickness  of  piece)  of  the  pin  hole  exceed 
22,000  pounds  per  square  inch;  nor  the  extreme  fiber  stress  due  to 
cross  bending  exceed  24,000  pounds  per  square  inch  when  the  applied 
forces  are  assumed  as  acting  at  the  center  of  the  members. 

42.  Plate  Girders. — Plate  girders  shall  be  proportioned  on  the 
assumption  that  ^  of  the  gross  area  of  the  web  is  available  as  flange 
area,  and  the  shear  is  resisted  by  the  web.  The  distance  between  cen- 
ters of  gravity  of  the  flange  areas  shall  be  considered  as  the  effective 
depth  of  the  girder. 

43.  Web  Stiffeners. — The  web  of  plate  girders  shall  have  stiffeners 
at  the  ends  and  inner  edges  of  bearing  plates,  and  at  points  of  concen- 
trated loads,  and  also  at  intermediate  points  where  the  thickness  of  the 
web  is  less  than  %o  of  the  unsupported  distance  between  flange  angles, 
not  further  apart  than  the  depth  of  the  full  web  plate  with  a  maximum 
limit  of  5  feet.  Stiffeners  shall  be  designed  as  columns  for  a  length 
equal  to  one  half  the  depth  of  the  girder.  StifFener  angles  must  have 
enough  rivets  to  properly  transmit  the  shear. 

44.  Compression  flanges  of  plate  girders  shall  have  at  least  the 
same  sectional  area  as  the  tension  flanges,  and  shall  not  have  a  stress 

/ 
per  sq.  in.  on  the  gross  area  greater  than  16,000 —  i50a»  where  /= un- 
supported distance,  and  fe  =  width  of  flange.    Compression  flanges  of 
plate  girders  shall  be  stayed  transversely  when  their  length  is  more 
than  thirty  times  their  width. 

45.  Rolled  Beams. — ^Rolled  beams  shall  be  proportioned  by  their 
moment  of  inertia.  The  depth  of  rolled  beams  in  floors  shall  not  be 
less  than  %o  of  the  span.  Where  rolled  beams  or  channels  are  used 
as  roof  purlins  the  depths  shall  not  be  less  than  %o  of  the  span. 

46.  Timber. — The  allowable  stresses  in  timber  purlins  and  other 
timbers  shall  be  taken  from  Table  11. 
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TABLE  II. 
Allowable  Working  Unit  Stresses,  in  Pounds,  per  Square  Inch. 


Kind  of  Timber. 


White  Oak 

Long  Leaf  Yellow  Pine... 
White  Pine  and  Spruce.... 

Western  Hemlock 

Douglass  Fir 


Tram- 

verse 

IjomdLng, 

S 


1,200 
1,390 
1,000 
1,000 
1,200 


End 
Bear- 
inn^. 


1,200 

1,300 
1,000 

1,000 

1,200 


Colomns 

Under  zo 

Diam- 

eten,  C 


1,000 
1,000 

Sod 

800 

1,000 


Bewiof 

AcroM 

Fiber. 

Sh« 

lar. 

Parmllel 
toGrmin. 

Longitu- 
dinal 
Shear  in 
Beams. 

450 
300 
200 
200 
350 

200 
180 
100 
160 
180 

no 

120 

70 
100 

no 

Modnhisof 

ElastidtT* 

£ 


1,150,000 
1,610,000 
1,130,000 
1,480,000 
1,510,000 


Columns  may  be  used  with  a  length  not  exceeding  45  times  the  least 
dimension.  The  unit  stress  for  lengths  of  more  than  10  times  the  least 
dimension  shall  be  reduced  by  the  following  formula : 


/>-C- 


C   I 


100  d 


where  C: 

P 

I 

d 


unit  stress,  as  given  above  for  short  columns; 
allowable  unit  stress  in  lbs.  per  sq.  in.; 
length  of  column  in  in. ; 
least  side  of  column  in  in. 


Covering. 

47.  Corrugated  SteeL — Corrugated  steel  shall  generally  have  2J 
inch  corrugations  when  used  for  roof  and  sides  of  buildings,  and  \\ 
inch  corrugations  when  used  for  lining  buildings.  The  minimum  gage 
of  corrugated  steel  shall  be  No.  22  for  roofs,  No.  24  for  sides,  and  No. 
26  for  lining. 

The  gage  of  corrugated  steel  in  U.  S.  standard  gage  and  weight 
per  square  foot  shall  be  shown  on  the  general  plan. 

48.  Spacing  Purlins  and  Girts. — The  span,  or  center  to  center  dis- 
tance of  purlins,  shall  not  exceed  the  distance  given  in  Fig.  3  for  a 
safe  load  of  30  lbs.  per  sq.  ft.  Corrugated  steel  sheets  shall  prefer- 
ably span  two  purlin  spaces.  Girts  shall  be  spaced  for  a  safe  load  of 
25  lbs.  per  sq.  ft.  in  Fig.  3. 

49.  End  and  Side  Laps. — Corrugated  steel  shall  be  laid  with  two 
corrugations  side  lap  and  six  inches  end  lap  when  used  for  roofing,  and 
one  corrugation  side  lap  and  four  inches  end  lap  when  used  for  siding. 
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I* 


1  TO 
5  30 


3pan,L,ln  ft. 


Fia  3.    Safk  Umitokm  Load  in  Pounds  fob  Couugated  Steel  fok  Difterenc 
Spans  in  Feet. 

50.  Fastening. — Corrugated  steel  shall  be  fastened  to  the  purlins 
and  girts  by  means  of  galvanized  iron  straps  }  inch  wide  by  No.  18 
gage,  spaced  8  to  12  inches  apart;  by  clinch  nails  spaced  8  to  12  inches 
apart;  or  by  nailing  directly  to  spiking  strips  with  8d  barbed  nails, 
spaced  8  inches  apart.  Spiking  strips  shall  preferably  be  used  with 
anti-condensation  lining.  Bolts,  nails  and  rivets  shall  always  pass 
through  the  top  of  corrugations.  Side  laps  shall  be  riveted  with  copper 
or  galvanized  iron  rivets  8  to  12  inches  apart  on  the  roof  and  ij  to  2 
feet  apart  on  the  sides. 

51.  Corrugated  Steel  Lining. — Corrugated  steel  lining  on  the  sides 
shall  be  laid  with  one  corrugation  side  lap  and  four  inches  end  lap. 
Girts  for  corrugated  steel  lining  shall  be  spaced  for  a  safe  load  of  25 
pounds  per  square  foot  as  given  in  Fig.  3. 

52.  Anti-condensation  Lining. — Ant i -condensation  roof  lining  shall 
be  used  to  prevent  dripping  in  engine  houses  and  similar  buildings,  and 
shall  be  constructed  as  follows :  Galvanized  wire  poultry  netting  is  fas- 
tened to  one  eave  purlin  and  is  passed  over  the  ridge,  stretched  tight 
and  fastened  to  the  other  eave  purlin.  The  edges  of  the  wire  are 
woven  tc^ether  and  the  netting  is  fastened  to  the  spiking  strips,  where 
used,  by  means  of  small  staples.  On  the  netting  are  laid  two  layers  of 
asbestos  paper  fj  in,  thick  and  two  layers  of  tar  paper.     The  corru- 
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gated  steel  is  then  fastened  to  the  purlins  in  the  usual  way;  ^  in. 
stove  bolts  with  i"  X  \"  X  A"  plate  washers  on  the  lower  side  are  used 
for  fastening  the  side  laps  together  and  for  supporting  the  lining;  or 
the  purlins  may  be  spaced  one  half  the  usual  distance  where  anti- 
condensation  lining  is  used  and  the  stove  bolts  omitted. 

53.  Plashing. — Valleys  or  comers  around  stacks  shall  have  flashing 
extending  at  least  12  inches  above  where  water  will  stand,  and  shall  be 
riveted  or  soldered,  if  necessary,  to  prevent  leakage. 

Flashing  shall  be  provided  above  doors  and  windows. 

54.  Ridge  RoIL — ^AU  ridges  shall  have  a  ridge  roll  securely  fastened 
to  the  corrugated  steel. 

55.  Comer  Finish. — ^All  comers  shall  be  covered  with  standard 
comer  finish  securely  fastened  to  the  corrugated  steel. 

56.  Cornice. — ^At  the  gable  ends  the  corrugated  steel  on  the  roof 
shall  be  securely  fastened  to  a  finish  angle  or  channel  connected  to  tlie 
end  of  the  purlins,  or,  where  molded  comices  are  used,  to  a  piece  of 
timber  fastened  to  the  ends  of  the  purlins. 

57.  Gutters. — Gutters  and  conductors  shall  be  fumished  at  Jeast 
equal  to  the  requirements  of  the  following  table : 


span  of  Root 

Gotttf. 

Condnctor. 

Up        to     SO  ft. 

6  in. 

4  in.  every  40  ft 

SO  ft  to    70  ft. 

7  in. 

5  in.  every  40  ft 

70  ft.  to   100   ft 

8  in. 

5  in.  every  40  ft 

Gutters  shall  have  a  slope  of  at  least  i  in.  in  15  ft.  Gutters  and 
conductors  shall  be  made  of  galvanized  steel  not  lighter  than  No.  24. 

58.  Ventilators. — ^Ventilators  shall  be  provided  and  located  so  as  to 
properly  ventilate  the  building.  They  shall  have  a  net  opening  for 
eadh  100  square  feet  of  floor  space  as  follows :  not  less  than  one  fourth 
square  foot  for  clean  machine  shops  and  similar  buildings;  not  less 
than  one  square  foot  for  dirty  machine  shops ;  not  less  than  four  square 
feet  for  mills ;  and  not  less  than  six  square  feet  for  forge  shops,  foun- 
dries and  smelters. 

59.  Shutters  and  Louvres. — Openings  in  ventilators  shall  be  pro- 
vided with  shutters,  sash,  or  louvres,  or  may  be  left  open  as  specified. 

Shutters  must  be  provided  with  a  satisfactory  device  for  opening 
and  closing. 
26 
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Louvres  must  be  designed  to  prevent  the  blowing  in  of  rain  and 
snow,  and  must  be  made  stiff  so  that  no  appreciable  sagging  will  occur. 
They  shall  be  made  of  not  less  than  No.  20  gage  galvanized  steel  for 
flat  louvres,  and  No.  24  gage  galvanized  steel  for  corrugated  louvres. 

60.  Circular  Ventilators. — Circular  ventilators,  when  used,  must 
be  designed  so  as  to  prevent  down  drafts.  Net  opening  only  shall  be 
used  in  calculations. 

61.  Windows. — ^Windows  shall  be  provided  in  the  exterior  walls 
equal  to  not  less  than  10  per  cent  of  the  entire  exterior  surface  in  mill 
buildings,  and  of  not  less  than  25  per  cent  in  machine  shops,  factories, 
washeries,  concentrators,  breakers  and  similar  buildings. 

Window  glass  up  to  12  in.  X  14  in.  may  be  single  strength,  over 
12  in.  X  14  in.  the  glass  shall  be  double  strength.  Window  glass  shall 
be  A  grade  except  in  smelters,  foundries,  forge  shops  and  similar  struc- 
tures, where  it  may  be  B  grade.  The  sash  and  frames  shall  be  con- 
structed of  white  pine.  Where  buildings  are  exposed  to  fire  hazard 
the  windows  shall  have  wire  glass  set  in  metal  sash  and  frames. 

62.  Skylights. — ^At  least  half  of  the  lighting  shall  preferably  be  by 
means  of  skylights,  or  sash  in  the  sides  of  ventilators. 

Skylights  shall  be  glazed  with  wire  glass,  or  wire  netting  shall  be 
stretched  beneath  the  skylights  to  prevent  the  broken  glass  from  falling 
into  the  building.  Where  there  is  danger  of  the  skylight  glass  being 
broken  by  objects  falling  on  it,  a  wire  netting  guard  shall  be  provided 
on  the  outside. 

Skylight  glass  shall  be  carefully  set,  special  care  being  used  to  pre- 
vent leakage.  Leakage  and  condensation  on  the  inner  surface  of  the 
glass  shall  be  carried  to  the  down-spouts,  or  outside  the  building  by 
condensation  gutters. 

63.  Windows  in  sides  of  buildings  shall  be  made  with  counter- 
balanced sash,  and  in  ventilators  shall  be  made  with  sliding  or  swing 
sash.  All  swinging  windows  shall  be  provided  with  a*  satisfactory 
operating  device. 

64.  Doors. — ^Doors  are  to  be  furnished  as  specified  and  are  to  be 
provided  with  hinges,  tracks,  locks  and  bolts.  Single  doors  up  to  4 
feet  and  double  doors  up  to  8  feet  shall  preferably  be  swung  on  hinges ; 
large  doors,  double  and  single,  shall  be  arranged  to  slide  on  overhead 
tracks,  or  may  be  counterbalanced  to  lift  up  between  vertical  guides. 

Steel  doors  shall  be  firmly  braced  and  shall  be  covered  with  No.  24 
corrugated  steel  with  i^  in.  corrugations. 
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The  frames  of  sandwich  doors  shall  be  made  of  two  layers  of  f  in. 
matched  white  pine,  placed  diagonally,  and  firmly  nailed  with  clinch 
nails.  The  frame  shall  be  covered  on  each  side  with  a  layer  of  No.  26 
corrugated  steel  with  ij  in  corrugations.  Locks  and  all  other  neces- 
sary hardware  shall  be  furnished  for  all  windows  and  doors. 

65.  TAR  AND  GRAVEL  ROOF.— Tar  and  gravel  roofs  are 
called  three-,  four-,  five-ply,  etc.,  depending  upon  the  number  of  layers 
of  roofing  felt.  Tar  and  gravel  roofs  may  be  laid  upon  timber  sheath- 
ing or  upon  concrete  slabs. 

66.  Specifications  for  Five-Ply  Tar  and  Gravel  Roof  on  Board 
Sheathing. — The  materials  used  in  making  the  roof  are  i  (one)  thick- 
ness of  sheathing  paper  or  unsaturated  felt,  5  (five)  thicknesses  of 
saturated  felt  weighing  not  less  than  15  (fifteen)  pounds  per  square 
of  one  hundred  (100)  square  feet,  single  thickness,  and  not  less  than 
one  hundred  and  twenty  (120)  pounds  of  pitch,  and  not  less  than  four 
hundred  (400)  pounds  of  gravel  or  three  hundred  (300)  pounds  of  slag 
from  i  to  f  in.  in  size,  free  from  dirt,  per  square  of  one  hundred  ( 100) 
square  feet  of  completed  roof. 

67.  The  material  shall  be  applied  as  follows :  First,  lay  the  sheathing 
or  unsaturated  felt,  lapping  each  sheet  one  inch  over  the  preceding  one. 
Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping  each  sheet 
seventeen  (17)  inches  over  the  preceding  one,  nailing  as  often  as  may 
be  necessary  to  hold  the  sheets  in  place  until  the  remaining  felt  is 
applied.  Third,  coat  the  entire  surface  of  this  two-ply  layer  with  hot 
pitch,  mopped  on  uniformly.  Fourth,  apply  three  (3)  thicknesses  of 
felt,  lapping  each  sheet  twenty-two  (22)  inches  over  the  preceding  one, 
mopping  with  hot  pitch  the  full  width  of  the  22  inches  between  the 
plies,  so  that  in  no  case  shall  felt  touch  felt.  Such  nailing  as  is  neces* 
sary  shall  be  done  so  that  all  nails  will  be  covered  by  not  less  than  two 
plies  of  felt;  fifth,  spread  over  the  entire  surface  of  the  roof  a  uniform 
coating  of  pitch,  into  which,  while  hot,  imbed  the  gravel  or  slag.  The 
gravel  or  slag  in  all  cases  must  be  dry. 

68.  Specifications  for  Five-Ply  Tar  and  Gravel  Roof  on  Con- 
crete Sheathing. — The  materials  used  shall  be  the  same  as  for  tar  and 
gravel  roof  on  timber  sheathing,  except  that  the  one  thickness  of 
sheathing  paper  or  unsaturated  felt  may  be  omitted. 

69.  The  materials  shall  be  applied  as  follows :  First,  coat  the  con- 
crete with  hot  pitch,  mopped  on  uniformly.    Second,  lay  two  (2)  thick- 


388  SPECIFICATIONS. 

nesses  of  tarred  felt,  lapping  each  sheet  seventeen  (17)  inches  over  the 
preceding  one,  and  mop  with  hot  pitch  the  full  width  of  the  17  inch 
lap,  so  that  in  no  case  shall  felt  touch  felt.  '  Third,  coat  the  entire  sur- 
face with  hot  pitch,  mopped  on  uniformly.  Fourth,  lay  three  (3) 
thicknesses  of  felt,  lapping  each  sheet  twenty-two  (22)  inches  over  the 
preceding  one,  mopping  with  hot  pitch  the  full  width  of  the  22  inch  lap 
between  the  plies,  so  that  in  no  case  shall  felt  touch  felt  Fifth,  spread 
the  entire  surface  of  the  roof  with  a  uniform  coat  of  pitch,  into  which, 
while  hot,  imbed  gravel  or  slag. 

70.  SPECIFICATIONS  FOR  CEMENT  FLOOR  ON  A  CON- 
CRETE BASE.  Materials.— The  cement  used  shall  be  first-class 
Portland  cement,  and  shall  pass  the  standards  of  the  American  Society 
for  Testing  Materials.  The  sand  for  the  top  finish  shall  be  clean  and 
sharp  and  shall  be  retained  on  a  No.  30  sieve  and  shall  have  passed  the 
No.  20  sieve.  Broken  stone  for  the  top  finish  shall  pass  a  ^  in.  screen 
and  shall  be  retained  on  the  No.  20  screen.  Dust  shall  be  excluded. 
The  sand  for  the  base  shall  be  clean  and  sharp.  The  aggregate  for  the 
base  shall  be  of  broken  stone  or  gravel  and  shall  pass  a  2  in.  ring. 

71.  Base. — On  a  thoroughly  tamped  and  compacted  sul^rade  the 
concrete  for  the  base  shall  be  laid  and  thoroughly  tamped.  The  base 
shall  not  be  less  than  2^  in.  thick.  Concrete  for  the  base  shall  be  thor- 
oughly mixed  with  sufficient  water  so  that  some  tamping  is  required 
to  bring  the  moisture  to  the  surface.  If  old  concrete  is  used  for  the 
base  the  surface  shall  be  roughened  and  thoroughly  cleaned  so  that  the 
new  mortar  will  adhere.  The  roughened  surface  of  old  concrete  shall 
then  be  thoroughly  wet  so  that  the  base  will  not  draw  water  from  the 
finish  when  the  latter  is  applied.  Before  scrubbing  the  base  with  grout 
the  excess  water  shall  be  removed. 

72.  Finish. — With  old  concrete  the  surface  of  the  base  shall  first 
be  scrubbed  with  a  thin  grout  of  pure  cement,  rubbed  in  with  a  broom. 
On  top  of  this,  before  the  thin  coat  is  set,  a  coat  of  finish  mixed  in  the 
proportions  of  one  part  Portland  cement,  one  part  stone  broken  to  pass 
a  i  in.  ring,  and  one  part  sand  shall  be  troweled  on  using  as  much 
pressure  as  possible,  so  that  it  will  take  a  firm  bond.  After  the  finish 
has  been  applied  to  the  desired  thickness  it  should  be  screeded  and 
floated  to  a  true  surface.  Between  the  time  of  initial  and  final  set  it 
shall  be  finished  by  skilled  workmen  with  steel  trowels  and  shall  be 
worked  to  final  surface.  Under  no  condition  shall  a  dryer  be  used, 
nor  shall  water  be  added  to  make  the  material  work  easily. 
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73.  SPECIFICATIONS  FOR  WOOD  FLOOR  ON  A  TAR 
CONCRETE  BASE.  Floor  Sleepers.— Sleepers  for  carrying  the 
timber  floor  shall  be  3  in.  X  3  in.  placed  18  in.  c.  to  c.  After  the  sub- 
grade  has  been  thoroughly  tamped  and  rolled  to  an  elevation  of  4^  in. 
below  the  tops  of  the  sleepers,  the  sleepers  shall  be  placed  in  position 
and  supported  on  stakes  driven  in  the  subgrade.  Before  depositing 
the  tar  concrete  the  sleepers  must  be  brought  to  a  true  level. 

74.  Tar  Concrete  Base. — The  tar  concrete  base  shall  be  not  less 
than  4i  in.  thick  and  shall  be  laid  as  follows:  First,  a  layer  three  (3) 
inches  thick  of  coarse,  screened  gravel  thoroughly  mixed  with  tar,  and 
tamped  to  a  hard  level  surface.  Second,  on  this  bed  spread  a  top 
dressing  i^  inches  thick  of  sand  heated  and  thoroughly  mixed  with 
coal  tar  pitch,  in  the  proportions  of  one  (i)  part  pitch  to  three  (3) 
parts  tar.  The  gravel,  sand  and  tar  shall  be  heated  to  from  200  to 
300  degrees  F.,  and  shall  be  thoroughly  mixed  and  carefully  tamped 
into  place. 

75.  Plank  Sub-Floor. — ^The  floor  plank  shall  be  of  sound  hemlock 
or  pine  not  less  than  2  inches  thick,  planed  on  one  side  and  one  edge  to 
an  even  thickness  and  width.  The  floor  plank  is  to  be  toe-nailed  with 
4  in.  wire  nails. 

76.  Finished  Flooring. — The  finished  flooring  is  to  be  of  maple  of 
clear  stock,  |  in.  finished  thickness,  thoroughly  air  and  kiln  dried  and 
not  over  4  inches  wide.  The  floor  is  to  be  planed  to  an  even  thickness, 
the  edges  jointed,  and  the  underside  channeled  or  ploughed.  The  fin- 
ished floor  is  to  be  laid  at  right  angles  to  the  sub-floor,  and  each  board 
neatly  fitted  at  the  ends,  breaking  joints  at  random.  The  floor  is  to  be 
final  nailed  with  10  d.  or  3  in.  wire  nails,  nailed  in  diagonal  rows  16 
inches  apart  across  the  boards,  with  two  (2)  nails  in  each  row  in  every 
board.    The  floor  to  be  finished  off  perfectly  smooth  on  completion. 

yy.  The  finished  flooring  is  not  to  be  taken  into  the  building  or  laid 
until  the  tar  concrete  base  and  sub-plank  floor  are  thoroughly  dried. 

Details  of  Construction. 

78.  Details.  —  All  connections  and  details  shall  be  of  sufficient 
strength  to  develop  the  full  strength  of  the  member. 

79.  Pitch  of  Rivets. — The  pitch  of  rivets  shall  not  exceed  6  inches, 
or  sixteen  times  the  thickness  of  the  thinnest  outside  plate  in  the  line 
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of  stress,  nor  forty  times  the  thickness  of  the  thinnest  outside  plate 
at  right  angles  to  the  line  of  stress.  The  pitch  shall  never  be  less  than 
three  diameters  of  rivet.  At  the  ends  of  compression  members  the 
pitch  shall  not  exceed  four  diameters  of  the  rivet  for  a  length  equal 
to  twice  the  width  of  the  member. 

80.  Edge  Distance. — The  minimum  distance  from  the  center  of 
any  rivet  hole  to  a  sheared  edge  shall  be  i^  in.  for  J  in.  rivets,  i  J  in. 
for  I  in.  rivets,  ij  in.  for  f  in.  rivets,  and  i  in.  for  i  in.  rivets,  and 
to  a  rolled  edge  ij,  ij,  i  and  i  in.,  respectively.  The  maximum  dis- 
tance from  the  edge  shall  be  eight  (8)  times  the  thickness  of  the  plate. 

81.  Maximum  Diameter. — The  diameter  of  the  rivets  in  angles 
carrying  calculated  stresses  shall  not  exceed  J  of  the  width  of  the  leg 
in  which  they  are  driven,  except  that  f  in.  rivets  may  be  used  in  2  in. 
angles. 

82.  Diameter  of  Punch  and  Die. — ^The  diameter  of  the  punch  and 
die  shall  be  as  specified  in  §  147. 

83.  Net  Sections. — ^The  effective  diameter  of  a  driven  rivet  will  be 
assumed  the  same  as  its  diameter  before  driving.  In  deducting  the 
rivet  holes  to  obtain  net  sections  in  tension  members,  the  diameter  of 
the  rivet  holes  will  be  assumed  as  J  inch  larger  than  the  undriven  rivet. 

84.  Minimum  Sections. — No  metal  of  less  thickness  than  i  in. 
shall  be  used  except  for  fillers ;  and  no  angles  less  than  2"  X  2"  X  i" 
The  minimum  thickness  of  metal  in  head  frames,  rock  houses  and  coal 
tipples,  coal  washers  and  coal  breakers  shall  be  -fg  inch,  except  for 
fillers.  No  upset  rod  shall  be  less  than  |  in.  in  diameter.  Sag  rods 
may  be  as  small  as  f  in.  diameter. 

85.  Connections. — ^All  connections  shall  be  of  sufficient  strength  to 
develop  the  full  strength  of  the  member.  No  connections  except  for 
lacing  bars  shall  have  less  than  two  rivets.  All  field  connections  except 
lacing  bars  shall  have  not  less  than  three  rivets. 

86.  Flange  Plates. — The  flange  plates  of  all  girders  shall  not  extend 
beyond  the  outer  line  of  rivets  connecting  them  to  the  angles  more  than 
six  inches  nor  more  than  eight  times  the  thickness  of  the  thinnest  plate. 

87.  Web  Stiffcncrs. — Web  stiflfeners  shall  be  in  pairs,  and  shall 
have  a  close  fit  against  flange  angles.  The  stiffeners  at  the  ends  of 
plate  girders  shall  have  filler  plates.  Intermediate  stiffeners  may  have 
fillers  or  be  crimped  over  the  flange  angles.  The  rivet  pitch  in  stiflF- 
eners  shall  not  be  greater  than  5  inches. 
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88.  Web  Splices. — ^Web  plates  shall  be  spliced  at  all  points  by  a 
plate  on  each  side  of  the  web,  capable  of  transmitting  the  shearing  and 
bending  stresses  through  the  splice  rivets. 

89.  Net  Sections. — Xet  sections  must  be  used  in  calculating  ten- 
sion members  and  in  deducting  the  rivet  holes  they  shall  be  taken  i  in. 
larger  than  the  nominal  size  of  rivet. 

90.  Pin  connected  riveted  tension  members  shall  have  a  net  section 
through  the  pin  hole  25  per  cent  in  access  of  the  required  net  section 
of  the  member.  The  net  section  back  of  the  pin  hole  in  line  of  the 
center  of  the  pin  shall  be  at  least  0.75  of  the  net  section  through  the 
pin  hole. 

91.  Upset  Rods. — ^All  rods  with  screw  ends,  except  sag  rods,  must 
be  upset  at  the  ends  so  that  the  diameter  at  the  base  of  the  threads  shall 
be  ^  inch  larger  than  any  part  of  the  body  of  the  bar. 

92.  Upper  Chords. — ^Upper  chords  of  trusses  shall  have  s)mfimet- 
rical  cross-sections,  and  shall  preferably  consist  of  two  angles  back 
to  back. 

93.  Compression  Members. — ^AU  other  compression  members  for 
roof  trusses,  except  sub-struts,  shall  be  composed  of  sections  symmet- 
rically placed.     Sub-struts  may  consist  of  a  single  section. 

94.  Columns. — Side  posts  which  take  flexure  shall  preferably  be 
composed  of  4  angles  laced,  or  4  angles  and  a  plate.  Where  side  posts 
do  not  take  flexure  and  carry  heavy  loads  they  shall  preferably  be  com- 
posed of  two  channels  laced,  or  of  two  channels  with  a  center  diaphragm. 

95.  Posts  in  end  framing  shall  preferably  be  composed  of  I-beams 
or  4  angles  laced.  Comer  columns  shall  preferably  be  composed  of 
one  angle. 

96.  Crane  Posts. — ^The  cross-bending  stress  due  to  eccentric  load- 
ing in  columns  carrying  cranes  shall  be  calculated.  Crane  girders  car- 
rying heavy  cranes  shall  be  carried  on  independent  columns. 

97.  Batten  Plates. — Laced  compression  members  shall  be  stayed  at 
the  ends  by  batten  plates,  placed  as  near  the  end  of  the  member  as 
practicable  and  having  a  length  not  less  than  the  greatest  width  of  the 
member.  The  thickness  of  batten  plates  shall  not  be  less  than  %o  of 
the  distance  between  rivet  lines  at  right  angles  to  axis  of  member. 

98.  Lacing. — Single  lacing  bars  shall  have  a  thickness  of  not  less 
than  34o,  and  double  bars  connected  by  a  rivet  at  the  intersection  of 
not  less  than  %o  oi  the  distance  between  the  rivets  connecting  them  to 
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the  member;  they  shall  make  an  angle  not  less  than  45  degrees  with 
the  axis  of  the  member ;  their  width  shall  be  in  accordance  with  the  fol- 
lowing standards,  generally : 

Size  of  Member.  Width  of  Ladng  Ban. 

For  15  inch  channels*  or  built  sections  with)     ,  .    ,       ,~  .    ^     .       ^ 
3i  and  4  inch  uigles.  \  *^  '"*"  «  ™*  ""*»)• 

For  12,  10,  9  inch  channels,  or  built  sections)     ,  .    ,       ^.  .    ,     . 

with  3  inch  «,gle,.  f  **  ■"•*"  (*  '"*  "'»*»)• 

For  8  and  7  inch  channels,  or  built  sections)      .    ,       , .  .    ,     . 

with  3}  inch  angles.  \  '  "^«»  (*  '"**  "'«**)• 

For  6  and  5  inch  channels,  or  built  sections)     ,  .    ,       , ,  .    ,     . 

with  2  inch  angles.  | " *  '°^^^'  <*  '"^^  "'^^)- 

Where  laced  members  are  subjected  to  bending,  the  size  of  lacing 
bars  or  angles  shall  be  calculated,  or  a  solid  web  plate  shall  be  used. 

99.  Pin  Plates. — ^All  pin  holes  shall  be  reinforced  by  additional 
material  when  necessary,  so  as  not  to  exceed  the  allowable  pressure  on 
the  pins.  These  reinforcing  plates  must  contain  enough  rivets  to  trans- 
fer the  proportion  of  pressure  which  comes  upon  them,  and  at  least 
one  plate  on  each  side  shall  extend  not  less  than  6  inches  beyond  the 
edge  of  the  batten  plate. 

100.  Maximum  Length  of  Compression  Members. — No  compres- 
sion member  shall  have  a  length  exceeding  125  times  its  least  radius  of 
gyration  for  main  members,  nor  150  times  its  least  radius  of  gyration 
for  laterals  and  sub-members.  The  length  of  a  main  tension  member 
in  which  the  stress  is  reversed  by  the  wind  shall  not  exceed  150  times 
its  least  radius  of  gyration. 

loi.  Maximum  Length  of  Tension  Members. — The  length  of  riv- 
eted tension  members  in  horizontal  or  inclined  position  shall  not  exceed 
200  times  their  radius  of  gyration  except  for  wind  bracing,  which  mem- 
bers may  have  a  length  equal  to  250  times  the  least  radius  of  gyration. 
The  horizontal  projection  of  the  unsupported  portion  of  the  member 
is  to  be  considered  the  effective  length. 

102.  Splices. — In  compression  members  joints  with  abutting  faces 
planed  shall  be  placed  as  near  the  panel  points  as  possible,  and  must  be 
spliced  on  all  sides  with  at  least  two  rows  of  rivets  on  each  side  of  the 
joint.    Joints  with  abutting  faces  not  planed  must  be  fully  spliced. 
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103.  Splices. — ^Joints  in  tension  members  shall  be  fully  spliced. 

104.  Tension  Members. — Tension  members  shall  preferably  be 
composed  of  angles  or  shapes  capable  of  taking  compression  as  well  as 
tension.     Flats  riveted  at  the  ends  shall  not  be  used. 

105.  Main  tension  members  shall  preferably  be  made  of  2  angles, 
2  angles  and  a  plate,  or  2  channels  laced.  Secondary  tension  members 
may  be  made  of  a  single  shape. 

106.  Eye-Bars. — Heads  of  eye-bars  shall  be  so  proportioned  as  to 
develop  the  full  strength  of  the  bar.  The  heads  shall  be  forged  and 
not  welded. 

107.  Pins. — Pins  must  be  turned  true  to  size  and  straight,  and  must 
be  driven  to  place  by  means  of  pilot  nuts. 

The  diameter  of  pin  shall  not  be  less  than  J  of  the  depth  of  the 
widest  bar  attached  to  it. 

The  several  members  attached  to  a  pin  shall  be  packed  so  as  to 
produce  the  least  bending  moment  on  the  pin,  and  all  vacant  spaces 
must  be  filled  with  steel  or  cast  iron  fillers. 

108.  Bars  or  Rods. — Long  laterals  may  be  made  of  bars  with  clevis 
or  sleeve  nut  adjustment.    Bent  loops  shall  not  be  used. 

109.  Spacing  Trusses. — Trusses  shall  preferably  be  spaced  so  as  to 
allow  the  use  of  single  pieces  of  rolled  sections  for  purlins.  Trussed 
purlins  shall  be  avoided  if  possible. 

1 10.  Purlins  and  Girts. — Purlins  and  girts  shall  preferably  be  com- 
posed of  single  sections— channels,  angles  or  Z-bars,  placed  with  web 
at  right  angles  to  the  trusses  and  posts  and  legs  turned  down. 

111.  Fastening. — Purlins  and  girts  shall  be  attached  to  the  top 
chord  of  trusses  and  to  columns  by  means  of  angle  clips  with  two  rivets 
in  each  leg. 

112.  Spacing. — Purlins  for  corrugated  steel  without  sheathing  shall 
be  spaced  at  distances  apart  not  to  exceed  the  span  as  given  for  a  safe 
load  of  30  pounds,  and  girts  for  a  safe  load  of  25  pounds  as  given 
in  Fig.  3. 

113.  Timber  Purlins. — Timber  purlins  and  girts  shall  be  attached 
and  spaced  the  same  as  steel  purlins. 

114.  Base  Plates. — Base  plates  shall  never  be  less  than  i  inch  in 
thickness,  and  shall  be  of  sufficient  thickness  and  size  so  that  the  pres- 
sure on  the  masonry  shall  not  exceed  the  allowable  pressures  in  §  30. 
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115.  Anchors. — Columns  shall  be  anchored  to  the  foundations  by 
means  of  two  anchor  bolts  not  less  than  i  in  in  diameter  upset,  placed 
as  wide  apart  as  practicable  in  the  plane  of  the  wind.  The  anchorage 
shall  be  calculated  to  resist  one  and  one  half  times  the  bending  moment 
at  the  base  of  the  columns. 

116.  Lateral  Bracing. — Lateral  bracing  shall  be  provided  in  the 
plane  of  the  top  and  bottom  chords,  sides  and  ends ;  knee  braces  in  the 
transverse  bents ;  and  sway  bracing  wherever  necessary.  Lateral  brac- 
ing shall  be  designed  for  an  initial  stress  of  5,000  pounds  in  each  mem- 
ber, and  provision  must  be  made  for  putting  this  initial  stress  into  the 
members  in  erecting. 

117.  Temperature. — Variations  in  temperature  to  the  extent  of  150 
degrees  F.  shall  be  provided  for. 


MATERIAL  AND  WORKMANSHIP. 

Material. 

118.  Process  of  Manufacture. — Steel  shall  be  made  by  the  open- 
hearth  process. 

119.  Schedule  of  Requirements. 


Chemical  mad  Physical 
Propertiet. 

Stnactorml  Sted. 

Rivet  Steel. 

Steel  Caadnffk 

Pho.piiomsM«..{^^;;; 

Sulphur  maximum 

0.04  per  cent. 
0.08  •«     " 
0.05  «*      " 

0.04  per  cent. 
0.04    *«     " 
004    «<     «* 

0.05  percent 
0.08   "      " 
0.05    •«      «* 

Ultimate  tensile  strength.. 
Pounds  per  square  inch 

Elongation:  min.  %inS^^< 

Elongations  min.  %  in  2^^... 
Character  of  fracture 

Desired 

60,000 

1,500,000* 

Desired 

50,000 

1,500,000 

Not  less  than 
65,000 

Ult  tensile  strength 
22 

Silky 
l8o<>  flatt 

Ult.  tensile  strength. 

Silky 
l8o«  flatt 

iS 

Silky  or  fine  gnuralar 

Cold  bends  without  fracture. 

90%  ^-3^ 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded 
in  the  test  reports. 

120.  Allowable  Variations. — If  the  ultimate  strength  varies  more 
than  4,000  lbs.  from  that  desired,  a  retest  shall  be  made  on  the  same 

*  See  paragraph  128. 

t  See  parpgraphs  129,  130  and  131. 

t  See  paragraph  132. 


STEEL  FKAME  BUILDINGS. 


395 


gage,  which,  to  be  acceptable,  shall  be  within  5,000  lbs.  of  the  desired 
ultimate. 

121.  Chemical  Analyses. — Chemical  determinations  of  the  per- 
centages of  carbon,  phosphorus,  sulphur  and  manganese  shall  be  made 
by  the  manufacturer  from  a  test  ingot  taken  at  the  time  of  the  pouring 
of  each  melt  of  steel  and  a  correct  copy  of  such  analysis  shall  be  fur- 
nished to  the  engineer  or  his  inspector.  Check  analyses  shall  be  made 
from  finished  material,  if  called  for  by  the  purchaser,  in  which  case  an 
excess  of  25  per  cent  above  the  required  limits  will  be  allowed. 

122.  Form  of  Specimens.  Plates,  Shapes  and  Bars. — Speci- 
mens for  tensile  and  bending  tests  for  plates,  shapes  and  bars  shall  be 
made  by  cutting  coupons  from  the  finished  product,  which  shall  have 
both  faces  rolled  and  both  edges  milled  to  the  form  shown  by  Fig.  i ; 
or  with  both  edges  parallel ;  or  they  may  be  turned  to  a  diameter  of  i 
inch  for  a  length  of  at  least  9  inches,  with  enlarged  ends. 

123.  Rivets. — Rivet  rods  shall  be  tested  as  rolled. 

124.  Pins  and  Rollers. — Specimens  shall  be  cut  from  the  finished 
rolled  or  forged  bar,  in  such  manner  that  the  center  of  the  specimen 
shall  be  i  inch  from  the  surface  of  the  bar.  The  specimen  for  tensile 
test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for 
bending  test  shall  be  i  inch  by  i  inch  in  section. 

/ 

!?  t  t  '  '  •  f  '  *! 

",!  ■  J    '  '         '    ^>— 

■  — — <»— ~-  -»  -Abour  1$  — — — 


lA^t9 


Fig.  1 


Fig.  2. 


125.  Steel  Castings. — The  number  of  tests  will  depend  on  the 
character  and  importance  of  the  castings.  Specimens  shall  be  cut  cold 
from  coupons  molded  and  cast  on  some  portion  of  one  or  more  castings 
from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient 
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size.  The  coupon  or  sink  head,  so  used,  shall  be  annealed  with  the 
casting  before  it  is  cut  off.  Test  specimens  shall  be  of  the  form  pre- 
scribed for  pins  and  rollers. 

126.  Annealed  Specimens. — Material  which  is  to  be  used  without 
annealing  or  further  treatment  shall  be  tested  in  the  condition  in  which 
it  comes  from  the  rolls.  When  material  is  to  be  annealed  or  otherwise 
treated  before  use,  the  specimens  for  tensile  tests  representing  such 
material  shall  be  cut  from  properly  annealed  or  similarly  treated  short 
lengths  of  the  full  section  of  the  bar. 

127.  Number  of  Tests. — ^At  least  one  tensile  and  one  bending  test 
shall  be  made  from  each  melt  of  steel  as  rolled.  In  case  steel  differing 
f  in.  and  more  in  thickness  is  rolled  from  one  melt,  a  test  shall  be  made 
from  the  thickest  and  thinnest  material  rolled. 

128.  Modifications  in  Elongation. — ^For  material  less  than  ^  in. 
and  more  than  |  in.  in  thickness  the  following  modifications  will  be 
allowed  in  the  requirements  for  elongation : 

(a)  For  each  -^  in.  in  thickness  below  A  in.,  a  deduction  of  2^ 
per  cent  will  be  allowed  from  the  specified  elongation. 

(b)  For  each  i  in.  in  thickness  above  |  in.,  a  deduction  of  i  per 
cent  will  be  allowed  from  the  specified  elongation. 

(c)  For  pins  and  rollers  over  3  in.  in  diameter  the  elongation  in 
8  in.  may  be  5  per  cent  less  than  that  specified  in  paragraph  1 19. 

129.  Bending  Tests. — Bending  tests  may  be  made  by  pressure  or 
by  blows.  Plates,  shapes  and  bars  less  than  i  in.  thick  shall  bend  as 
called  for  in  paragraph  119. 

130.  Thick  Material — Full-sized  material  for  eye-bars  and  other 
steel  I  in.  thick  and  over,  tested  as  rolled,  shall  bend  cold  180  degrees 
around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of 
the  bar,  without  fracture  on  the  outside  of  bend. 

131.  Bending  Angles. — Angles  f  in.  and  less  in  thickness  shall  open 
flat  and  angles  i  in.  and  less  in  thickness  shall  bend  shut,  cold,  under 
blows  of  a  hammer,  without  sign  of  fracture.  This  test  will  be  made 
only  when  required  by  the  inspector. 

132.  Nicked  Bends. — ^Rivet  steel,  when  nicked  and  bent  aroimd  a 
bar  of  the  same  diameter  as  the  rivet  rod,  shall  give  a  gradual  break 
and  a  fine,  silky,  uniform  fracture. 

133.  Finish. — Finished  material  shall  be  free  from  injurious  seams, 
flaws,  cracks,  defective  edges,  or  other  defects,  and  have  a  smooth, 
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uniform,  workmanlike  finish.    Plates  36  in.  in  width  and  under  shall 
have  rolled  edges. 

154.  Stamping. — ^Every  finished  piece  of  steel  shall  have  the  melt 
number  and  the  name  of  the  manufacturer  stamped  or  rolled  upon  it. 
Steel  for  pins  and  rollers  shall  be  stamped  on  the  end.  Rivet  and 
lattice  steel  and  other  small  parts  may  be  bundled  with  the  above  marics 
on  an  attached  metal  tag. 

135.  Defective  Material — ^Material  which,  subsequent  to  the  above 
tests  at  the  mills,  and  its  acceptance  there,  develops  weak  spots,  brit- 
tleness,  cracks  or  other  imperfections,  or  is  found  to  have  injurious 
defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manu- 
facturer at  his  own  cost 

136.  Allowable  Variation  in  Weight. — ^A  variation  in  cross-section 
or  weight  of  each  piece  of  steel  of  more  than  2}  per  cent  frcMn  that 
specified  will  be  sufficient  cause  for  rejection,  except  in  case  of  sheared 
plates,  which  will  be  covered  by  the  following  permissible  variations, 
which  are  to  apply  to  single  plates. 

137.  When  Ordered  to  Wei^^t. — Plates  12^  pounds  per  square 
foot  or  heavier: 

(a)  Up  to  100  in.  wide,  2 J  per  cent  above  or  below  the  pre- 
scribed weight. 


Plates  ^  Inch  akd  Ovnt  in  Thickkess. 


Ho^ 

Width  of  Plate. 

'A'BidBns 
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Ofedcnd. 

Wc^IlL 

Up  to  75  lack. 

75" 

audi 
ux/' 

Bp  to 

SOI/'  wadnp  to       q^  ^^^,* 
lis." 

1-4  inch. 

10.  ao  lbs. 
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14 
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18    per  cent 

5-16  " 
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(b)  One  hundred  in.  wide  and  over,  5  per  cent  above  or  below 

138.  Plates  under  12^  pounds  per  square  foot: 

(a)  Up  to  75  in.  wide,  2^  per  cent  above  or  below. 

(b)  Seventy-five  in.  and  up  to  100  in.  wide,  5  per  cent  above  or 
3  per  cent  below. 

(c)  One  hundred  in.  wide  and  over,  10  per  cent  above  or  3  per 
cent  below. 

139.  When  Ordered  to  Gage. — ^Plates  will  be  accepted  if  they 
measure  not  more  than  .01  inch  below  the  ordered  thickness. 

140.  An  excess  over  the  nominal  weight,  corresponding  to  the 
dimensions  on  the  order,  will  be  allowed  for  each  plate,  if  not  more 
than  that  shown  in  the  preceding  tables,  one  cubic  inch  of  rolled  steel 
being  assumed  to  weigh  0.2833  pounds. 

Special  Metals. 

141.  Cast-iron. — Except  where  chilled  iron  is  specified,  castings 
shall  be  made  of  tough  gray  iron,  with  sulphur  not  over  o.io  per  cent. 
They  shall  be  true  to  pattern,  out  of  wind  and  free  from  flaws  and 
excessive  shrinkage.  If  tests  are  demanded  they  shall  be  made  on  the 
"Arbitration  Bar"  of  the  American  Society  for  Testing  Materials, 
which  is  a  round  bar,  i^  in.  in  diameter  and  15  in.  long.  The  trans- 
verse test  shall  be  on  a  supported  length  of  12  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  2,900  lbs.,  with  a  deflec- 
tion of  at  least  -f^  inch  before  rupture. 

142.  Wrought-Iron  Bars. — ^Wrought-iron  shall  be  double-rolled, 
tough,  fibrous  and  uniform  in  character.  It  shall  be  thoroughly  welded 
in  rolling  and  be  free  from  surface  defects  When  tested  in  specimens 
of  the  form  of  Fig.  i,  or  in  full-sized  pieces  of  the  same  length,  it  shall 
show  an  ultimate  strength  of  at  least  50,000  lbs.  per  sq.  in.,  an  elonga- 
tion of  at  least  18  per  cent  in  8  in.,  with  fracture  wholly  fibrous.  Speci- 
mens shall  bend  cold,  with  the  fiber  through  135°,  without  sign  of 
fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the 
thickness  of  the  piece  tested.  When  nicked  and  bent  the  fracture  shall 
show  at  least  90  per  cent  fibrous. 

Workmanship. 

143.  General — All  parts  forming  a  structure  shall  be  built  in  ac- 
cordance with  approved  drawings.  The  workmanship  and  finish  shall 
be  equal  to  the  best  practice  in  modem  bridge  works. 
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144  Straightening  Material — Material  shall  be  thoroughly  straight- 
ened in  the  shop,  by  methods  that  will  not  injure  it,  before  being  laid 
oflF  or  worked  in  any  way. 

145.  Finish. — Shearing  shall  be  neatly  and  accurately  done  and  all 
portions  of  the  work  exposed  to  view  neatly  finished. 

146.  Rivets. — ^The  size  of  rivets,  called  for  on  the  plans,  shall  be 
understood  to  mean  the  actual  size  of  the  cold  rivet  before  heating. 

147.  Rivet  Holes. — ^When  general  reaming  is  not  required,  the 
diameter  of  the  punch  for  material  not  over  J  in.  thick  shall  be  not 
more  than  ^  in.,  nor  that  of  the  die  more  than  |  in.  larger  than  the 
diameter  of  the  rivet.  The  diameter  of  the  die  shall  not  exceed  that 
of  the  punch  by  more  than  J  the  thickness  of  the  metal  punched. 

148.  Planing  and  Reaming. — In  medium  steel  over  f  of  an  in.  thick, 
all  sheared  edges  shall  be  planed  and  all  holes  shall  be  drilled  or  reamed 
to  a  diameter  of  i  of  an  in.  larger  than  the  punched  holes,  so  as  to 
remove  all  the  sheared  surface  of  the  metal.  Steel  which  does  not 
satisfy  the  drifting  test  must  nave  holes  drilled. 

149.  Punching. — Punching  shall  be  accurately  done.  Slight  inac- 
curacy in  the  matching  of  holes  may  be  corrected  with  reamers.  Drift- 
ing to  enlarge  unfair  holes  will  not  be  allowed.  Poor  matching  of 
holes  will  be  cause  for  rejection  by  the  inspector. 

150.  Assembling. — Riveted  members  shall  have  all  parts  well 
pinned  up  and  firmly  drawn  together  with  bolts  before  riveting  is  com- 
menced.   Contact  surfaces  to  be  painted  (see  §  182). 

151.  Lacing  Bars. — Lacing  bars  shall  have  neatly  rounded  ends, 
unless  otherwise  called  for. 

152.  Web  StifFeners. — Stiff eners  shall  fit  neatly  between  flanges  of 
girders.  Where  tight  fits  are  called  for  the  ends  of  the  stiffeners  shall 
be  faced  and  shall  be  brought  to  a  true  contact  bearing  with  the  flange 
angles. 

153.  Splice  Plates  and  Fillers. — Web  splice  plates  and  fillers  under 
stiffeners  shall  be  cut  to  fit  within  |  in.  of  flange  angles. 

154*  Web  Plates. — ^Web  plates  of  girders,  which  have  no  cover 
plates,  shall  be  flush  with  the  backs  of  angles  or  be  not  more  than  J  in. 
scant,  unless  otherwise  called  for.  When  web  plates  are  spliced,  not 
more  than  i  in.  clearance  between  ends  of  plates  will  be  allowed. 

155.  Connection  Angles. — Connection  angles  for  girders  shall  be 
flush  with  each  other  and  correct  as  to  position  and  length  of  girder. 
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In  case  milling  is  required  after  riveting,  the  removal  of  more  than  -^ 
in.  from  their  thickness  will  be  cause  for  rejection. 

156.  Riveting. — ^Rivets  shall  be  driven  by  pressure  tools  wherever 
possible.  Pneumatic  hammers  shall  be  used  in  preference  to  hand 
driving. 

157.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved 
shape,  full  and  of  equal  size.  They  shall  be  central  on  shank  and  grip 
the  assembled  pieces  firmly.  Recupplng  and  calking  will  not  be  allowed. 
Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and  re- 
placed. In  cutting  out  rivets  great  care  shall  be  taken  not  to  injure 
the  adjacent  metal.    If  necessary  they  shall  be  drilled  out. 

158.  Turned  Bolts. — Wherever  bolts  are  used  in  place  of  rivets 
which  transmit  shear,  the  holes  shall  be  reamed  parallel  and  the  bolts 
turned  to  a  driving  fit.  A  washer  not  less  than  i  in.  thick  shall  be  used 
under  nut. 

159.  Members  to  be  Straight — ^The  several  pieces  forming  one 
built  member  shall  be  straight  and  fit  closely  together,  and  finished 
members  shall  be  free  from  twists,  bends  or  open  joints. 

160.  Finish  of  Joints. — ^Abutting  joints  shall  be  cut  or  dressed  true 
and  straight  and  fitted  close  together,  especially  where  open  to  view. 
In  compression  joints  depending  on  contact  bearing  the  surfaces  shall 
be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

161 .  Field  Connections. — ^All  holes  for  field  rivets  in  splices  in  tension 
members  carrying  live  loads  shall  be  accurately  drilled  to  an  iron  tem- 
plet or  reamed  while  the  connecting  parts  are  temporarily  put  together. 

162.  Eye-Bars. — Eye-bars  shall  be  straight  and  true  to  size,  and 
shall  be  free  from  twists,  folds  in  the  neck  or  head,  or  any  other  defect. 
Heads  shall  be  made  by  upsetting,  rolling  or  forging.  Welding  will 
not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies  in 
use  at  the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the 
engineer,  but  the  manufacturer  shall  guarantee  the  bars  to  break  in 
the  body  with  a  silky  fracture,  when  tested  to  rupture.  The  thickness 
of  head  and  neck  shall  not  vary  more  than  -^  in.  from  the  thickness 
of  the  bar. 

163.  Boring  Eye-Bars. — Before  boring,  each  eye-bar  shall  be  prop- 
erly annealed  and  carefully  straightened.  Pin  holes  shall  be  in  the 
center  line  of  bars  and  in  the  center  of  heads.     Bars  of  the  same  length 
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shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in. 
smaller  in  diameter  than  the  pin  holes  can  be  passed  through  the  holes 
at  both  ends  of  the  bars  at  the  same  time. 

164.  Pin  Holes. — Pin  holes  shall  be  bored  true  to  gage,  smooth  and 
straight ;  at  right  angles  to  the  axis  of  the  member  and  parallel  to  each 
other,  unless  otherwise  called  for.  Wherever  possible,  the  boring  shall 
be  done  after  the  member  is  riveted  up. 

165.  The  distance  center  to  center  of  pin  holes  shall  be  correct 
within  ^  in.,  and  the  diameter  of  the  hole  not  more  than  -^-^  in.  larger 
than  that  of  the  pin,  for  pins  up  to  5  in.  diameter,  and  ^  in.  for 
larger  pins. 

166.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned 
to  gage  and  shall  be  straight  and  smooth  and  entirely  free  from  flaws. 

167.  Pilot  Nuts. — ^At  least  one  pilot  and  one  driving  nut  shall  be 
furnished  for  each  size  of  pin  for  each  structure,  and  field  rivets  10 
per  cent  in  excess  of  the  number  of  each  size  actually  required. 

168  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the 
nuts  and  shall  be  U.  S  standard,  except  above  the  diameter  of  if  in., 
when  they  shall  be  made  with  six  threads  per  in. 

169.  Annealing. — Steel,  except  in  minor  details,  which  has  been 
partially  heated  shall  be  properly  annealed. 

170.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

171.  Welds. — Welds  in  steel  will  not  be  allowed. 

172.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and 
smooth.  Cast  wall  plates  shall  be  planed  top  and  bottom.  The  cut  of 
the  planing  tool  shall  correspond  with  the  direction  of  expansion. 

173.  Shipping  Details. — Pins,  nuts,  bolts,  rivets,  and  other  small 
details  shall  be  boxed  or  crated. 

174.  Weight. — The  weight  of  every  piece  and  box  shall  be  marked 
on  it  in  plain  figures. 

175.  Finished  Weight. — Payment  for  pound  price  contracts  shall 
be  by  scale  weight.  No  allowance  over  2  per  cent  of  the  actual  total 
weight  of  the  structure  as  computed  from  the  shop  plans  will  be  allowed 
for  excess  weight. 

27 
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Additional  Specifications  When  General  Reaming  and  Planing 

ARE  Required. 

176.  Planing  Edges. — Sheared  edges  and  ends  shall  be  planed  off 
at  least  i  in. 

177.  Reaming. — Punched  holes  shall  be  made  with  a  punch  A  in. 
smaller  in  diameter  than  the  nominal  size  of  the  rivets  and  shall  be 
reamed  to  a  finished  diameter  of  not  more  than  -^  in.  larger  than 
the  rivet. 

178.  Reaming  after  Assembling. — ^Wherever  practicable,  reaming 
shall  be  done  after  the  pieces  forming  one  built  member  have  been 
assembled  and  firmly  bolted  together.  If  necessary  to  take  the  pieces 
apart  for  shipping  and  handling,  the  respective  pieces  reamed  together 
shall  be  so  marked  that  they  may  be  reassembled  in  the  same  position 
in  the  final  setting  up.     No  interchange  of  reamed  parts  will  be  allowed. 

179.  Removing  Burrs. — The  burrs  on  all  reamed  holes  shall  be 
removed  by  a  tool  countersinking  about  -^  in. 

Timber. 

180.  Timber. — ^The  timber  shall  be  strictly  first-class  spruce,  white 
pine,  Douglas  fir,  Southern  yellow  pine,  or  white  oak  timber;  sawed 
true  and  out  of  wind,  full  size,  free  from  wind  shakes,  large  or  loose 
knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its 
strength  or  durability. 

Painting. 

181.  Painting. — ^All  steel  work  before  leaving  the  shop  shall  be 
thoroughly  cleaned  from  all  loose  scale  and  rust,  and  be  given  one 
good  coating  of  pure  boiled  linseed  oil  or  paint  as  specified,  well  worked 
into  all  joints  and  open  spaces. 

182.  In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be 
painted  (with  paint)  before  being  riveted  together. 

183.  Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection  shall  have  two  coats  of  paint. 

184.  The  paint  shall  be  a  good  quality  of  red  lead  or  graphite  paint, 
ground  with  pure  linseed  oil,  or  such  paint  as  may  be  specified  in  the 
contract. 

185.  After  the  structure  is  erected  the  iron  work  shall  be  thoroughly 
and  evenly  painted  with  two  additional  coats  of  paint,  mixed  with  pure 
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linseed  oil,  of  such  quality  and  color  as  may  be  selected.  Painting  shall 
be  done  only  when  the  surface  of  the  metal  is  perfectly  dry.  No  paint- 
ing shall  be  done  in  wet  or  freezing  weather  unless  special  precautions 
are  taken.    The  two  field  coats  of  paint  shall  be  of  different  colors. 

186.  Machine  finished  surfaces  shall  be  coated  with  white  lead  and 
tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

Inspection  and  Testing  at  Mill  and  the  Shops. 

187.  The  manufacturer  shall  furnish  all  facilities  for  inspecting  and 
testing  weight  and  the  quality  of  workmanship  at  the  mill  or  shop 
where  material  is  fabricated.  He  shall  furnish  a  suitable  testing  ma- 
chine for  testing  full-sized  members  if  required. 

188.  Mill  Orders. — The  engineer  shall  be  furnished  with  com- 
plete copies  of  mill  orders,  and  no  materials  shall  be  ordered  nor  any 
work  done  before  he  has  been  notified  as  to  where  the  orders  have  been 
placed  so  that  he  may  arrange  for  the  inspection. 

189.  Shop  Plans. — ^The  engineer  shall  be  furnished  with  approved 
complete  shop  plans,  and  must  be  notified  well  in  advance  of  the  start 
of  the  work  in  the  shop  in  order  that  he  may  have  an  inspector  on 
hand  to  inspect  the  material  and  workmanship. 

190  Shipping  Invoices. — Complete  copies  of  shipping  invoices 
shall  be  furnished  the  engineer  with  each  shipment. 

191.  The  engineer's  inspector  shall  have  full  access,  at  all  times, 
to  all  parts  of  the  mill  or  shop  where  material  under  his  inspection  is 
being  fabricated. 

192.  The  inspector  shall  stamp  each  piece  accepted  with  a  private 
mark.  Any  piece  not  so  marked  may  be  rejected  at  any  time,  and  at 
any  stage  of  the  work.  If  the  inspector,  through  an  oversight  or  other- 
wise, has  accepted  material  or  work  which  is  defective  or  contrary  to 
the  specifications,  this  material,  no  matter  in  what  stage  of  completion, 
may  be  rejected  by  the  engineer. 

193.  Full  Size  Tests. — Full  size  tests  of  any  finished  member  shall 
be  tested  at  the  manufacturer's  expense,  and  shall  be  paid  for  by  the 
purchaser  at  the  contract  price  less  the  scrap  value,  if  the  tests  are  sat- 
isfactory. If  the  tests  are  not  satisfactory  the  material  will  not  be 
paid  for  and  the  members  represented  by  the  tested  member  may  be 
rejected. 
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Erection, 

194.  Tools. — ^The  contractor  shall  furnish  at  his  own  expense  aU 
necessary  tools,  staging  and  material  of  every  description  required  for 
the  erection  of  the  work,  and  shall  remove  the  same  when  the  work  is 
completed. 

195.  Risks. — The  contractor  shall  assume  all  risks  from  storms  or 
accidents,  unless  caused  by  the  negligence  of  the  owner,  and  all  damage 
to  adjoining  property  and  to  persons  until  the  work  is  completed  and 
accepted. 

196.  The  contractor  shall  comply  with  all  ordinances  or  regulations 
appertaining  to  the  work. 

197.  The  erection  shall  be  carried  forward  with  diligence  and  shall 
be  completed  promptly. 


PART  IL     STEEL  HEAD  FRAMES  AND  COAL 
TIPPLES,  WASHERS  AND  BREAKERS. 

GENERAL  DESCRIPTION. 

198.  Types  of  Structure. — The  structure  shall  be  of  a  type  that 
will  give  maximum  rigidity  and  strength.  The  structure  shall  be  of  a 
type  in  which  the  stresses  can  be  calculated  either  by  statics  or  by  taking 
into  account  the  deformations  of  the  members  (see  §230). 

199.  Bracing. — ^All  bracing  shall  be  stiff,  and  shall  be  riveted  to- 
gether at  all  intersections  to  give  maximum  rigidity. 

200.  Proposals. — Contractors  in  submitting  proposals  shall  furnish 
complete  stress  sheets,  general  plans  of  the  proposed  structures,  giving 
sizes  of  material,  and  such  detail  plans  as  will  clearly  show  the  dimen- 
sions of  the  parts,  modes  of  construction  and  sectional  areas. 

201.  Detail  Plans. — The  successful  contractor  shall  furnish  all 
working  drawings  required  by  the  engineer  free  of  cost.  Working 
drawings  will,  as  far  as  possible,  be  made  on  standard  size  sheets 
24"  X  36"  out  to  out,  22"  X  34"  inside  the  inner  border  lines.    . 

202.  Approval  of  Plans. — No  work  shall  be  commenced  or  mate- 
rials ordered  until  the  working  drawings  are  approved  in  writing  by 
the  engineer.  The  contractor  shall  be  responsible  for  dimensions  and 
details  on  the  working  plans,  and  the  approval  of  the  detail  plans  by 
the  engineer  will  not  relieve  the  contractor  of  this  responsibility. 

Loads. 

203.  The  structures  shall  be  designed  to  carry  the-  following  loads 
without  exceeding  the  permissible  unit  stresses. 

204.  Dead  Loads. — ^The  dead  loads  shall  consist  of  the  weight  of 
the  head  sheaves,  sheaves,  blocks  and  girders,  the  weight  of  the  struc- 
ture, and  all  concentrated  machinery  and  equipment  loads. 

205.  Working  Loads. — The  working  loads  on  head  frames  for 
vertical  shafts  shall  be  taken  as  equal  to 

K=^2W  +  R+(W  +  R)f  (i) 

where  /iT^the  working  stress  in  lbs.  at  the  head  sheave  at  the  instant 

405 


406  SPECIFICATIONS. 

of  picking  up  the  load;  W=the  gross  load  of  the  cage  or  skip  and  the 
load  of  ore  or  coal  in  lbs.;  R^tht  weight  of  the  rope  from  the  head 
sheaves  to  the  bottom  of  the  shaft  in  lbs.;  and  /= coefficient  of  fric- 
tion of  the  rope,  skip  and  sheaves,  which  may  be  taken  at  o.oi  to  0.02 
for  vertical  shafts  and  0.02  to  0.04  for  inclined  shafts  with  ropes  sup- 
ported on  rollers. 

206.  For  inclined  shafts  the  working  load  shall  be  taken  as 

K'={2lV  +  R)sme  +  f(W  +  R)cose  (2) 

where  ^=the  angle  of  inclination  of  the  shaft  with  the  horizontal. 

207.  Breaking  Load. — The  head  frame  shall  be  designed  for  a  load 
in  one  or  all  of  the  hoisting  ropes  equal  to  the  breaking  stress  of  the 
hoisting  rope  as  given  in  the  manufacturer's  catalog. 

208.  Machinery  Loads. — The  stresses  due  to  machinery,  crushers, 
tipple  equipment,  etc.,  shall  be  considered  the  same  as  the  stresses  due 
the  working  or  live  load. 

209.  Wind  Loads. — Where  the  head  frame  or  tipple  is  enclosed  the 
wind  load  shall  be  assumed  as  30  lbs.  per  sq.  ft.  of  exposed  surface 
acting  horizontally.  Where  the  framework  is  open  the  wind  load  shall 
be  taken  as  50  lbs.  per  sq.  ft.  acting  on  the  projection  of  the  members 
of  the  head  frame  or  tipple.  In  calculating  the  stressed  due  to  wind, 
the  wind  loads  may  be  assumed  as  applied  at  the  joints  of  the  structure. 
Where  one  side  of  the  structure  is  open  so  that  a  deep  cup  or  pocket  is 
formed  the  wind  load  shall  be  taken  as  not  less  than  60  lbs,  per  sq.  ft. 
on  the  projection  of  the  cup-like  surface. 

210.  Snow  Loads. — Snow  loads  shall  be  taken  the  same  as  for  steel 
frame  buildings. 

Allowable  Unit  Stresses. 

211.  Steel  head  frames,  coal  tipples,  coal  washers  and  breakers,  and 
similar  structures  shall  be  designed  for  the  following  allowable  stresses. 

212.  Dead  Load  Stresses. — ^The  allowable  unit  stresses  for  dead 
loads  shall  be  the  same  as  for  steel  frame  buildings  given  in  Part  I. 
Snow  loads  shall  be  considered  as  dead  loads. 

213.  Working  Load  Stresses. — The  allowable  unit  stresses  for 
working  loads  shall  be  one  half  the  allowable  unit  stresses  for  dead 
load  stresses  as  given  in  Part  I. 

214.  Bins. — Bins  shall  be  designed  for  two  thirds  the  allowable  unit 
stresses  for  dead  load  stresses  as  given  in  Part  I. 
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215.  Breaking  Load  Stresses. — The  allowable  unit  stresses  for  the 
maximum  stresses  due  to  breaking  one  or  all  the  hoisting  ropes  shall 
be  equal  to  the  allowable  unit  stresses  for  dead  load  stresses,  plus  50 
per  cent,  equal  to  three  times  the  allowable  unit  stresses  for  working 
loads.  The  breaking  loads  and  working  loads  for  any  shaft  compart- 
ment or  machine  will  not  be  assumed  as  acting  together. 

216.  Machinery  Load  Stre8ses.-r-The  allowable  unit  stresses  for 
the  maximum  stresses  due  to  machinery  and  moving  loads  shall  be  the 
same  as  the  allowable  unit  stresses  for  working  loads,  equal  to  one  half 
the  allowable  unit  stresses  for  dead  load  stresses. 

217.  Wind  Load  Stresses. — The  allowable  unit  stresses  when  the 
wind  load  stress  is  combined  with  the  dead  load  stress  plus  twice  the 
working  load  and  machinery  load  stresses  shall  not  exceed  the  allowable 
unit  stresses  for  dead  loads  by  more  than  25  per  cent.  If  the  sum  of  the 
wind  load  unit  stress,  the  dead  load  unit  stress,  and  twice  the  working 
load  and  machinery  load  unit  stresses  exceed  the  allowable  unit  stress 
for  dead  loads  by  more  than  25  per  cent  the  area  of  the  section  shall  be 
increased  to  reduce  the  actual  stresses  to  within  the  prescribed  limit. 
Wind  load  stresses  need  not  be  combined  with  breaking  load  stresses. 

218.  Reversal  of  Stress. — ^Members  subject  to  a  reversal  of  stress 
due  to  a  combination  of  dead  load  stresses  and  working  load  stresses 
shall  be  designed  to  take  both  tension  and  compression,  each  stress 
being  increased  by  one  half  the  smaller  of  the  two  stresses.  Members 
subject  to  a  reversal  of  stress  due  to  wind  stress  combined  with  dead 
load  stresses  and  working  load  stresses,  or  breaking  load  stresses  com- 
bined with  dead  load  stresses  shall  be  designed  to  carry  both  stresses. 

219.  Foundations. — The  allowable  pressures  for  dead  loads  on 
foundations  and  on  masonry  shall  be  those  given  in  §  28,  §  29  and  §  30. 
All  working  load,  breaking  load,  etc.,  pressures  shall  be  reduced  to 
equivalent  dead  load  pressures  as  in  §213  to  §218,  inclusive. 

Equipment. 

220.  Skips  and  Cages. — Skips  and  cages  shall  be  made  of  struc- 
tural steel,  as  shown  on  the  detail  drawings.  They  shall  be  provided 
with  guide  shoes  and  safety  devices.  For  inclined  shafts  the  wheels 
shall  have  phosphor  bronze  bushings.  All  skips  and  cages  shall  be  pro- 
vided with  effective  detaching  hooks.  The  case  shall  be  designed  to 
take  the  stress  due  to  a  loaded  cage  or  skip  dropping  a  vertical  dis- 
tance of  two  feet. 
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221.  Bin  Gates. — Unless  otherwise  specified  all  bin  gates  shall  be 
of  the  undercut  type.  All  gates  shall  be  equipped  with  operating 
mechanism  so  that  they  can  be  opened  in  service  by  one  man. 

222.  Screens. — Fixed  screens  shall  be  made  of  bars  as  shown  on 
the  drawings  and  shall  be  supported  so  that  the  bars  will  not  be  perma- 
nently deflected  under  the  load.  The  screen  bars  shall  be  placed  at  an 
angle  so  that  they  will  screen  the  ore  or  coal  without  choking  up. 

223.  Shaking  screens  shall  be  carried  on  rollers  and  be  driven  by 
eccentric  connecting  bars.  They  shall  be  placed  at  proper  slopes,  and 
shall  be  provided  with  all  necessary  gates.  Unless  otherwise  specified 
the  screens  shall  be  made  of  structural  steel. 

224.  Rotary  screens  shall  be  made  of  structural  and  machinery  steel, 
and  shall  perform  the  wortc  required  by  the  specifications. 

225.  Coal  Tipples  or  Dumps. — Coal  tipples  or  dumps  shall  be  pro- 
vided as  shown  on  the  detail  plans  or  called  for  in  the  specifications. 

226.  Dumping  Devices. — ^Where  self -dumping  skips  or  cages  are 
used  an  efficient  and  satisfactory  dumping  device  shall  be  provided. 

227.  Head  Sheaves. — ^The  head  sheaves  shall  be  substantial  with 
the  top  flanges  turned  smooth  and  true  to  receive  the  hoisting  rope. 
The  sheave  wheel  shaft  shall  be  of  the  best  grade  of  machinery  steel 
of  ample  strength,  carefully  and  truly  made.  The  sheave  boxes  shall 
be  lined  with  the  best  quality  of  anti-friction  metal  and  shall  be  adjust- 
able to  take  up  the  wear.  Unless  otherwise  specified  the  sheave  wheels 
shall  have  wrought  iron  spokes. 

228.  Landing  Stage. — An  efficient  landing  device  shall  be  furnished. 

Details  of  Construction. 

229.  Unless  otherwise  provided  for  the  details  of  construction  are 
to  be  the  same  as  for  steel  frame  buildings. 

230.  Design. — In  designing  head  frames,  coal  tipples,  coal  washers 
and  breakers  and  similar  structures  care  shall  be  used  to  strongly  brace 
the  different  parts  of  the  structure  in  order  that  it  may  be  rigid.  Pref- 
erence shall  be  given  to  types  of  structures  that  are  statically  determi- 
nate. Where  4-post  head  frames  and  other  statically  indeterminate 
structures  are  used  the  stresses  shall  be  calculated  by  taking  account 
of  the  deformation  and  distortions  of  the  members.  All  bracing  is  to 
be  made  of  stiff  members;  the  use  of  rods  or  bars  will  not  be  per- 
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mittedy  except  for  sag  rods  and  anchors.  It  is  very  important  that 
head  frames,  coal  tipples,  coal  washers  and  breakers  and  similar  struc- 
tures be  made  very  rigid. 

231.  Lengths  of  Compression  Members. — The  length  of  com- 
pression members  in  head  frames  and  shaker  structures  shall  not  exceed 
100  times  the  least  radius  of  gyration  for  main  members  nor  140  times 
the  least  radius  of  gyration  for  secondary  bracing. 

232  Lengths  of  Tension  Members. — ^The  length  of  tension  mem- 
bers in  head  frames,  shaker  structures  and  supports  for  moving  ma- 
chinery shall  not  exceed  150  times  the  least  radius  of  gyration  for  main 
members,  nor  200  times  the  least  radius  of  gyration  for  secondary  brac- 
ing. The  length  of  a  tension  member  is  to  be  taken  as  the  distance 
center  to  center  of  end  connections. 

233.  Splices. — ^AU  splices  in  main  members  shall  be  designed  to 
carry  the  full  strength  of  the  member. 

234.  Reaming. — ^The  rivet  holes  for  all  field  splices  in  head  frames, 
shaker  structures  and  supports  of  moving  machinery  shall  be  punched 
to  a  diameter  ^  in.  less  than  the  finished  hole  and  shall  be  reamed  to 
the  required  size  with  the  members  bolted  in  place  with  an  iron  templet. 
All  metal  more  than  f  in.  thick  shall  be  punched  and  reamed,  or  be 
drilled  from  the  solid. 

235.  Minimum  Thickness  of  MetaL — The  minimum  thickness  of 
metal  in  plates  and  sections  shall  be  ^  in.,  except  for  fillers. 

236.  Erection. — ^AU  field  connections  shall  be  riveted.  Before  the 
riveting  is  begun  all  field  connections  shall  be  fully  drawn  up  with  field 
bolts,  in  not  less  than  one  half  the  holes  of  each  joint. 

237.  Materials  and  Workmanship. — ^AU  materials  and  workman- 
ship shall  comply  with  the  Specifications  for  Steel  Frame  Buildings 
unless  otherwise  specified. 

238.  Painting. — ^All  steel  work  shall  receive  one  coat  of  satisfac- 
tory graphite  or  carbon  paint  at  the  shop.  Before  erecting  all  abraded 
spots  shall  be  touched  up,  and  all  rivet  heads  shall  be  painted  as  soon 
as  accepted  by  the  inspector.  After  the  erection  is  complete  all  struc- 
tural steel  work  shall  be  given  two  coats  of  satisfactory  graphite  or 
carbon  paint    The  three  coats  of  paint  shall  be  of  different  colors. 
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SPECIFICATIONS  FOR  TIMBER  MINE  STRUCTURES. 

GENERAL  DESCRIPTION. 

1.  General  Clauses. — Paragraphs  i  to  ii,  inclusive,  in  the  "Speci- 
fications for  Steel  Mine  Structures"  shall  apply  to  timber  mine 
structures. 

2.  Loads. — Paragraphs  12  to  31,  inclusive,  in  the  "Specifications 
for  Steel  Mine  Structures  "  shall  apply  to  timber  mine  structures. 

ALLOWABLE  STRESSES. 

3.  Allowable  Stresses  in  Timber. — The  allowable  stresses  for  dead 
loads  on  timber  structures  shall  be  taken  as  in  Table  I. 

TABLE  I. 
Allowable  Working  Unit  Stresses  for  Dead  Loads  in  lbs.  per  sq.  in. 


Trans- 
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S 

Knd 
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Under  lo 
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C 
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Parallel 
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1,200 
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120 
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1,130,000 
1,480,000 
1,510,000 

Long  Ijeaf  Yellow  Pine.. 
White  Pine  and  Spruce... 
Western  Hemlock 

Douglas  Fir 

Columns  may  be  used  with  a  length  not  exceeding  45  times  the 
least  dimension.  The  unit  stress  for  lengths  of  more  than  10  times  the 
least  dimension  shall  be  reduced  by  the  following  formula : 


P=C— 


C   I 


lood 


where  C= unit  stress  as  given  above  for  short  columns;  P 
unit  stress  in  lbs.  per  sq.  in. ;  /  =  length  of  column  in  in. ;  d 
of  column  in  in. 
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allowable 
least  side 
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4.  Live  Loads. — ^The  allowable  stresses  for  working  loads,  ma- 
chinery loads  and  moving  loads  shall  be  one  half  (})  of  the  allowable 
stresses  for  dead  loads  as  given  in  §  3. 

5.  Breaking  Loads. — The  allowable  stresses  for  breaking  loads  in 
head  frames  shall  be  three  halves  (%)  of  the  allowable  stresses  for 
dead  loads  as  given  in  §  3. 

6.  Wind  Loads. — ^When  the  wind  load  stresses  are  less  than  25  per 
cent  of  the  sum  of  the  dead  load  stresses  and  twice  the  working  load 
or  machinery  load  stresses,  the  wind  load  stresses  need  not  be  consid- 
ered. Where  the  wind  load  stresses  exceed  25  per  cent  of  the  sum  of 
the  dead  load  stresses  and  twice  the  working  load  or  machinery  load 
stresses,  the  member  shall  be  designed  by  dividing  the  sum  of  the 
dead  load  stress,  twice  the  working  load  stress  and  the  wind  load  stress 
by  the  allowable  stress  for  dead  loads  plus  25  per  cent.  Wind  load 
stresses  need  not  be  considered  in  combination  with  breaking  load 
stresses. 

7.  Allowable  Stresses  in  Steel  and  Iron. — The  allowable  unit 
stresses  in  structural  steel  and  iron  shall  be  as  given  in  the  "  Specifica- 
tions for  Steel  Mine  Structures." 

MATERIALS.    STRUCTURAL  TIMBER. 

8.  Kinds  of  Timber. — ^For  structures  carrying  live  or  moving  loads 
timber  shall  preferably  be  long  leaf  yellow  pine,  Douglas  fir,  white  oak, 
white  pine,  or  Western  hemlock ;  for  other  purposes  short  leaf  yellow 
pine,  spruce,  or  other  equivalent  good  timber  may  be  used. 

9.  General  Requirements. — ^All  timber  must  be  cut  within  18 
months  of  the  time  of  delivery  from  sound  live  trees  and  be  sawed  to 
standard  size.  It  must  be  close  grained  and  solid,  free  from  defects, 
such  as  injurious  ring  shakes  and  cross  grain,  unsound  or  loose  knots, 
knots  in  groups,  large  pitch  pockets,  decay,  or  other  defects  that  will 
materially  impair  its  strength  or  fitness  for  the  purpose  intended. 

10.  Size  of  Sawed  Timber. — ^AU  timber  shall  be  sawed  true  and 
out  of  wind  and  shall,  when  dry,  not  measure  scant  in  thickness  more 
than  the  following: 

Flooring  and  boards,  rough  size,  up  to  i^  in.  thick,  may  be  scant  -^  in. 
Planks  and  timbers,  rough  size,  from  if  to  5I  in.  thick,  may  be 
scant  i  in. 
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Timbers,  rough  size,  6  in.  thick  and  up,  may  be  scant  1  in.  For 
example,  a  I2  in.  X  i2  in.  timber  may  be  iif  in.  X  iJif  in. 

11.  Size  of  Dressed  Timber. — ^\Vhen  dressed  timber  more  than  ij 
in.  in  thickness  is  required,  a  reduction  of  ^  in.  for  each  surface  planed 
will  be  permitted  in  addition  to  the  reduction  that  is  allowed  in  §  lO. 
For  example  a  I2  in.  X  12  in.  timber  S.4  S.  may  be  iij  in.  X  iJ^i  in. 

12.  Dimension  Timber. — Dimension  tirxiber  when  used  for  beams, 
stringers,  caps,  posts,  and  sills  shall  show  not  less  than  seventy-five 
(75)  per  cent  heart  on  each  of  the  four  faces,  measured  across  the 
sides  anywhere  in  the  length  of  the  piece.  There  shall  be  no  loose 
knots,  or  knots  greater  than  2^  in.  or  one  quarter  (i)  the  width  of  the 
face  of  the  stick  in  which  they  occur.  Knots  must  not  be  located  in 
groups  and  no  knot  must  be  nearer  the  edge  of  the  stick  than  one 
quarter  (i)  the  width  of  the  face. 

When  used  for  other  purposes  dimension  timber  shall  be  square- 
edged,  with  the  exception  of  i  in.  wane  on  one  edge  or  i  in.  wane  on 
two  edges,  and  ring  shakes  must  not  extend  over  one  eighth  (|)  the 
length  of  the  piece. 

13.  Timbers  for  Head  Frames. — Timbers  for  back  braces  and 
main  columns  and  for  main  timbers  in  head  frames  shall  show  not  less 
than  ninety  (90)  per  cent  heart  on  each  side  and  edge,  measured  any- 
where in  the  length  of  the  piece ;  shall  be  out  of  wind  and  free  from 
shakes,  splits  or  pitch  pockets  over  one  eighth  (J)  in.  wide  or  three 

(3)  in.  long.     Knots  shall  not  be  more  than  one  and  one  half  (i^)  in. 
in  diameter,  nor  closer  together  on  each  surface  than  one  in  any  four 

(4)  linear  feet,  but  if  knots  are  one  (i)  in.  in  diameter  or  less,  one 
in  every  three  (3)  feet  may  be  allowed. 

14.  Planks  and  Scantling. — Planks  and  scantling,  when  used  for 
floors,  rafters,  purlins,  girts,  struts  and  bracing,  shall  be  square  edged, 
shall  show  one  face  all  heart,  the  other  face  and  two  sides  shall  show 
not  less  than  seventy-five  (75)  per  cent  heart,  measured  across  the 
face  or  sides  anywhere  in  the  length  of  the  piece;  and  shall  be  free 
from  loose  knots,  or  sound  knots  more  than  i|  in.  in  diameter. 

When  used  for  other  purposes  planks  and  scantling  shall  be  square- 
edged,  free  from  knots  more  than  2  in.  in  diameter,  and  wane  extend- 
ing over  5  per  cent  of  the  surface  area  may  be  permitted  in  5  per  cent 
of  the  total  number  of  pieces  of  any  size. 


TIMBER   MINE  STRUCTURES.  413 

/ 

15.  Piles. — Timber  piles  shall  preferably  be  of  long  leaf  yellow 
pine,  white  oak,  Douglas  fir,  cedar  or  cypress. 

Piles  shall  be  cut  from  sound,  live  trees,  shall  be  straight,  close- 
grained  and  solid,  free  from  defects  such  as  injurious  ring  shakes, 
large  and  unsound  or  loose  knots,  decay  or  other  defects  that  will 
materially  impair  the  strength  or  durability.  The  diameter  of  round 
piles  near  the  butt  shall  not  be  less  than  14  in.  nor  more  than  18  in., 
and  at  the  tip  of  piles  under  thirty  (30)  ft.  in  length  not  less  than  8 
in.  nor  less  than  6  in.  for  piles  more  than  thirty  (30)  ft.  long.  Piles 
must  be  cut  above  the  ground-swell  and  must  taper  evenly  from  butt 
to  tip.  Short  bends  will  not  be  allowed.  A  line  drawn  from  the  butt 
to  the  tip  shall  lie  within  the  body  of  the  pile.  All  piles  shall  be  cut 
square  at  their  ends  and  shall  be  stripped  of  their  bark. 

16.  Flooring. — Flooring  shall  preferably  be  of  yellow  pine  or 
maple,  furnished  in  two  grades  (select  and  common)  usually  in  lengths 
4  to  16  ft.,  and  not  over  2-J  in.  face.  The  thickness  of  flooring  shall 
be  understood  as  the  thickness  after  dressing. 

(a)  Select  Flooring, — Select  flooring  shall  be  edge  grain,  kiln 
dried,  matched,  tongued  and  grooved,  well  manufactured  so  as  to  be 
free  from  planer  marks,  edge  splinters,  grain  slivers,  etc.  It  shall 
show  one  face  all  heart,  and  shall  be  free  from  knots,  shakes,  sap  and 
pitch  pockets. 

(b)  Common  Flooring. — Common  flooring  shall  be  select  flooring 
except  that  the  material  may  show  one  solid  knot  not  more  than  one 
(i)  in.  in  diameter  every  three  (3)  feet  and  unimportant  pitch  streaks 
and  sap  stains. 

17.  Ceiling. — Ceiling  shall  be  graded  as  flooring,  but  shall  in  addi- 
tion be  double  beaded  and  be  very  carefully  dressed. 

18.  Shingles. — Shingles  shall  be  of  pine,  cedar,  or  cypress,  as 
specified  in  the  contract.  They  shall  be  from  16  to  18  in.  in  length, 
from  4  to  6  in.  wide,  t*^  in.  thick  at  the  tip  and  ^V  to  ^  in.  thick  at  the 
butt.  The  first  10  in.  from  the  butt  shall  be  absolutely  free  from  sap, 
knots  or  other  defects. 

STRUCTURAL  STEEL  AND  IRON  AND  METAL  DETAILS. 

19.  Structural  Steel  and  Iron. — Structural  steel  and  wrought  and 
cast  iron  shall  comply  with  the  specifications  given  in  the  "  Specifica- 
tions for  the  Design  of  Steel  Mine  Structures." 
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20.  Bolts. — Bolts  shall  be  of  wrought  iron  or  steel,  made  with 
square  heads,  standard  size,  the  length  of  thread  to  be  2^  times  the 
diameter  of  bolt.  The  nuts  shall  be  made  square,  standard  size,  with 
thread  fitting  closely  the  thread  of  the  bolt.  Threads  shall  be  cut  ac- 
cording to  U.  S.  standards. 

21.  Drift  Bolts. — Drift  bolts  shall  be  of  wrought  iron  or  steel,  with 
or  without  square  head,  pointed  or  without  point,  as  may  be  called  for 
on  the  plans. 

22.  Spikes. — Spikes  shall  be  of  wrought  iron  or  steel,  square  or 
round,  as  called  for  on  the  plans;  steel  wire  spikes,  when  used  for 
spiking  planking,  shall  not  be  used  in  lengths  more  than  6  in.;  if 
greater  lengths  are  required,  wrought  or  steel  spikes  shall  be  used. 

23.  Cast  Washers. — Cast  washers  shall  be  of  cast  iron.  The 
diameter  shall  be  not  less  than  3^  times  the  diameter  of  bolt  for  which 
it  IS  used,  and  its  thickness  equal  to  the  diameter  of  bolt ;  the  diameter 
of  hole  shall  be  ^  in.  larger  than  the  diameter  of  the  bolt. 

24.  Wrought  Washers. — ^Wrought  washers  shall  be  of  wrought 
iron  or  steel.  The  diameter  shall  be  not  less  than  3  J  times  the  diameter 
of  bolt  for  which  it  is  used,  and  not  less  than  J  in.  thick.  The  hole 
shall  be  i  in.  larger  than  the  diameter  of  the  bolt. 

25.  Special  Castings. — Special  castings  shall  be  made  true  to  pat- 
tern and  out  of  wind,  free  from  flaws  and  excessive  shrinkage;  size 
and  shape  to  be  as  called  for  by  the  plans. 

DETAILS   OF  DESIGN  AND   CONSTRUCTION. 

26.  Workmanship. — The  workmanship  shall  be  of  the  best  quality 
in  each  class  of  work.  Details,  fastenings,  connections  and  finish  shall 
be  of  the  best  method  of  construction  in  general  use  on  first-class  work. 

27.  Holes. — Holes  shall  be  bored  for  all  bolts.  The  depth  of  the 
hole  and  the  diameter  of  the  auger  for  drift  bolts  and  dowels  shall  be 
specified  by  the  engineer. 

28.  Framing. — ^Framing  shall  be  accurately  fitted;  no  blocking  or 
shimming  will  be  allowed  in  making  joints.  Timbers  shall  be  cut  off 
with  the  saw ;  no  axe  to  be  used. 

29.  Joints  and  points  of  bearing  for  which  no  fastening  is  shown 
shall  be  fastened  as  specified  by  the  engineer. 
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30.  Piles. — Piles  shall  be  driven  to  a  firm  bearing,  or  until  six 
blows  of  a  hammer  weighing  2,000  lbs.,  falling  freely  20  ft.  (or  a 
hammer  and  fall  producing  same  effect)  are  required  to  give  an  aver- 
age penetration  of  one  half  (i)  in.  per  blow,  except  in  soft  ground 
where  the  safe  load  will  be  calculated  by  the  formula 

^      2W'h 

P=— 7— 

s+i 

Where  P=safe  load  on  pile  in  tons;  fF  =  weight  of  hammer  in  tons; 
/i=free  fall  of  hammer  in  ft.;  j= average  penetration  for  last  six 
blows  in  in.  For  a  steam  hammer  use  -^  in  place  of  unity  in  second 
member  of  the  formula. 

Piles  shall  have  a  penetration  of  not  less  than  10  ft.  in  hard  mate- 
rial, such  as  gravel,  and  not  less  than  15  ft.  in  loam  or  soft  material. 

Piles  shall  be  sawed  off  to  one  plane  and  shall  be  trimmed  so  as  not 
to  leave  any  horizontal  projection  outside  the  cap. 

31.  Joists  and  Flooring. — ^Joists  and  flooring,  carrying  plastering 
shall  be  designed  so  that  the  maximum  deflection  shall  not  exceed  ^eo 
the  span. 

32.  Bracing  and  Struts. — All  bracing  and  struts  shall  be  properly 
framed  and  securely  fastened  with  bolts  or  spikes  as  specified. 

33.  Painting. — ^All  dressed  timber  framework  and  the  exterior  of 
buildings  and  other  structures,  and  all  metal  work  shall  be  painted  with 
two  coats  of  good  paint  by  mixing  (as  specified)  lbs.  of  iron  ore,  white 
lead,  red  lead  or  other  pigment  as  specified  with  each  gallon  of  pure 
linseed  oil.  All  surfaces  shall  be  dry  and  clean  when  the  paint  is 
applied,  and  no  painting  shall  be  done  in  wet  or  freezing  weather. 

34.  Erection. — The  contractor  shall  furnish  all  necessary  tools, 
machinery,  labor,  temporary  staging  and  outfit  required.  After  the 
work  is  completed  he  shall  remove  all  refuse  and  materials  and  leave 
the  structure  in  a  finished  condition. 

The  contractor  shall  be  liable  for  all  damages  to  property  or  persons 
due  to  his  operations.  He  shall  procure  at  his  own  expense  all  neces- 
sary permits  and  shall  comply  with  all  municipal  ordinances. 
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CHAPTER  I. 


• 


Data  for  the  Design  of  Reinforced  Q>ncrete  Structures. 

(i)  Materials. — ^The  materials  and  workmanship  for  reinforced  con- 
crete shall  meet  the  requirements  of  the  "  Specifications  for  Plain  and 
Reinforced  Concrete,"  given  in  Chapter  III. 

The  concrete  recommended  for  general  use  is  a  mixture  of  one  part 
Portland  cement,  two  parts  of  fine  aggregate,  and  four  parts  of  coarse 
aggr^iate.  A  mixture  of  one  part  of  Portland  cement,  three  parts  of 
fine  aggregate,  and  six  parts  of  coarse  aggregate  may  be  used  in  mono- 
lithic walls  and  foundations. 

(2)  Dimenaions. — ^The  span  length  for  beams  and  slabs  is  to  be 
taken  as  the  distance  from  center  to  center  of  the  supports,  but  is  not 
to  exceed  a  clear  span  plus  the  depth  of  beam  or  slab. 

(3)  Internal  Stresses. — The  internal  stresses  are  to  be  calculated 
upon  the  basis  of  the  following  assumptions : 

(a)  A  plane  section  before  bending  remains  plane  after  bending. 
(&)  The  distribution  of  compressive  stresses  in  members  subject  to 
bending  is  rectilinear. 

(c)  The  ratio  of  the  moduli  of  elasticity  of  steel  and  concrete  is 

(rf)  The  tensile  stresses  in  the  concrete  are  neglected  in  calculating 
the  moment  of  resistance  of  beams. 

(e)  The  initial  stress  in  the  reinforcement  due  to  contraction  and 
expansion  in  the  concrete  is  neglected. 

(/)  The  depth  of  a  beam  is  to  be  taken  as  the  distance  from  the 
compressive  face  to  the  centroid  of  the  tension  reinforcement. 

(g)  The  effective  depth  of  a  beam  at  any  section  is  the  distance  from 
the  centroid  of  the  compressive  stresses  to  the  centroid  of  the  tension 
reinforcement  (/.rf). 

418 


DESIGN   OF  REINFORCED  CONCRETE.  4t9 

(A)  Perfect  adhesion  is  assumed  between  concrete  and  reinforce- 
ment. In  compressive  stress  the  two  materials  are  therefore  stressed 
in  proportion  to  their  moduli  of  elasticity. 

(t)  The  maximum  shearing  unit  stress  in  beams  is  to  be  taken  as  the 
total  shear  at  the  section  divided  by  the  product  of  the  width  of  the 
section  and  the  effective  depth  of  the  section  considered  (z/=F-T-fe.y.rf). 
This  maximum  shearing  unit  stress  is  to  be  used  in  place  of  the  diag- 
onal tension  stress  in  calculations  for  web  stresses. 

(/)  The  bond  unit  stress  is  equal  to  the  vertical  shear  divided  by 
the  product  of  the  total  perimeter  of  the  reinforcement  in  the  tension 
side  of  the  beam  and  the  effective  depth  at  the  section  considered 
(u=F-f.y.rf.2o). 

(k)  In  concrete  columns,  walls  and  slabs,  concrete  to  a  depth  of  i^ 
inches  and  in  floor  slabs  i  inch  is  to  be  considered  as  a  protective  cover- 
ing, and  is  not  to  be  included  in  the  effective  section. 

(4)  Web  Stresses. — ^When  the  maximum  shearing  stresses  exceed 
the  value  allowed  for  the  concrete  alone,  web  reinforcement  must  be 
provided  to  aid  in  carrying  the  diagonal  tensile  stresses.  This  web 
reinforcement  may  consist  of  bent-up  bars  or  inclined  or  vertical  mem- 
bers,  attached  to  or  hooked  around  the  horizontal   reinforcement. 

« 

Where  inclined  members  are  used,  the  connection  to  the  horizontal 
reinforcement  shall  be  such  as  to  insure  against  slip. 

In  the  calculation  of  web  reinforcement  when  the  concrete  alone  is 
insufficient  to  take  the  diagonal  tension,  the  concrete  may  be  assumed 
to  carry  a  shear  of  40  pounds  per  square  inch.  The  remainder  of  the 
shear  is  to  be  carried  by  metal  reinforcement  consisting  of  bent-up  bars 
or  stirrups,  but  preferably  both.  The  requisite  amount  of  such  rein- 
forcement may  be  estimated  on  the  assumption  that  the  entire  shear  on 
a  section,  less  the  amount  assumed  to  be  carried  by  the  concrete,  is 
carried  by  the  reinforcement. 

(5)  Working  Stresses. — The  following  working  stresses  are  to  be 
used  with  concrete  of  such  a  quality  as  to  be  capable  of  developing  an 
average  compressive  strength  of  at  least  2,000  pounds  per  square  inch, 
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when  tested  in  cylinders  6  inches  in  diameter  and  6  inches  long,  after 
having  been  stored  one  day  in  air  and  27  days  in  water,  under  laboratory 
conditions  of  manufacture  and  storage,  the  mixture  being  of  the  same 
consistency  as  is  used  in  the  field. 

Allowable  stress  in  pounds  per  square  inch. 

Structural  steel  in  tension i6,ocx> 

Steel  in  compression,  fifteen  times  the  compressive  stresses  in 

the  surrounding  concrete. 
Concrete  in  bearing,  where  the  total  surface  is  at  least  twice 

the  bearing  area   650 

Concrete  in  direct  compression  without  reinforcement,  on  a 

length  not  exceeding  six  times  the  least  width 450 

Columns  in  which  the  unsupported  length  is  not  more  than 
fifteen  times  the  least  width  are  to  be  designed  for  the  fol- 
lowing stresses : 

(a)  Columns  with  not  less  than  i  nor  more  than  4  per 

cent  of  longitudinal  reinforcement  only 450 

(b)  Columns  reinforced  with  bands  or  hoops  spaced  not 

less  than  %  the  diameter  of  the  column.    The  total 
■  amount  of  reinforcement  being  not  less  than  i  per 
cent  of  the  inclosed  column 540 

(c)  Columns  remforced  with  not  less  than  i  per  cent  nor 

more  than  4  per  cent  of  longitudinal  bars  and  with 

bands  or  hoops  as  in  (b) 650 

(rf)  Columns  remforced  with  structural  steel  column-units 

that  thoroughly  incase  the  concrete  core 650 

Concrete  in  compression,  on  extreme  fiber  in  cross-bending  . . .  650 
Concrete  in  shear  not  combined  with  tension  or  compression 

in  concrete   120 

Concrete  in  shear,  where  the  shearing  stress  is  used  as  the 

measure  of  web  stress 40 

Concrete  in  shear  where  part  of  the  rods  are  bent  up  to  take 

diagonal   tension 60 
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Concrete  in  shear  where  the  beam  is  completely  reinforced  for 

shear  and  diagonal  tension  120 

Bond  stress  for  plain  round  or  square  bars 80 

Bond  stress  for  plain  round  or  square  bars  with  hooked  ends 
bent  180°  around  a  diameter  of  3  diameters  of  the  bar  and 

with  a  short  length  of  bar  extending  beyond  the  bend 100 

Bond  stress  for  drawn  wire 40 

Bond  stress  for  deformed  bars  depending  upon  form 80-150 


CHAPTER  II. 

Formulas  for  the  Design  of  Reinforced  Concrete  Structures. 

The  following  formulas  are  based  upon  the  assumptions  and  prin- 
ciples given  in  Chapter  I. 

STANDARD  NOTATION,     i.  Rectangular  Beams. 

/«==  tensile  unit  stress  in  steel. 
fc  =  compressive  unit  stress  in  concrete. 
€,  =  elongation  of  steel  due  to  /«. 
€c=  shortening  of  concrete  due  to  /c. 
Et=  modulus  of  elasticity  of  steel. 
Eo=  modulus  of  elasticity  of  concrete. 

Mb  =  moment  of  resistance  relative  to  the  steel. 
Mc=  moment  of  resistance  relative  to  the  concrete. 
M=  moment  of  resistance,  or  bending  moment  in  general. 

A  =  steel  area. 

r=  total  tension. 

C  =  total  compression. 

b  =  breadth  of  beam. 

d=  depth  of  beam  to  center  of  steel. 

k  =  ratio  of  depth  of  neutral  axis  to  depth  rf. 

^=  depth  of  resultant  compression  below  top  of  beam. 

/=  ratio  of  lever  arm  to  resisting  couple  to  depth  d. 

j,d=  d  —  5  =  arm  of  resisting  couple. 

A 
p=j—.  ==  steel  ratio  (not  percentage). 

Rg=  /«./>.;  =  coefficient  of  strength  relative  to  steel. 

i?<,r=  ^/^.^.y  =  coefficient  of  strength  relative  to  concrete. 

422 
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2.  T-Beams« 

b=  width  of  flange. 
&'=  width  of  stem  or  web. 
t=  thickness  of  flange. 

3.  Beams  Reinforced  for  Compression. 

A'^  area  of  compressive  steel. 
p'  =  steel  ratio  for  compressive  steel. 
//=  compressive  unit  stress  in  steel. 
C'=  total  compressive  stress  in  steel. 
d'=  depth  to  center  of  compressive  steel. 
g=  depth  to  resultant  of  C  and  C 

4.  Shear  and  Bond. 

f^=  total  shear. 

v=  maximum  shearing  unit  stress  =V/bjd, 
1/  ^  average  shearing  unit  stress  =  V/bd. 
u=  bond  stress  per  unit  area  of  bar. 
0=  circumference  or  perimeter  of  bar. 
2o  =  sum  of  perimeters  of  bars. 

5.  Columns. 

A  =  total  net  area  of  column. 
As=  area  of  longitudinal  steel. 
Ao=  area  of  concrete. 

^=-*  =  steel  ratio  for  longitudinal  steel. 

p'=z  steel  ratio  of  the  hoops  of  hooped  columns. 
P=  strength  of  plain  concrete  column. 
P'==  strength  of  reinforced  column, 
/=  average  unit  stress  for  entire  cross-section. 

STRESSES  IN  RECTANGULAR  BEAMS.— In  (r),  Fig.  i,  b 
is  the  breadth,  d  is  the  depth  of  the  beam  above  the  center  of  the  rein- 
forcing steel,  k.d  is  the  distance  of  the  neutral  axis  below  the  top  of 
the  beam,  and  j,d  is  the  arm  of  the  resisting  couple,  k  and  /  being 
ratios. 
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In  (a)  the  deformations  are  shown  to  be  proportional  to  the  dis- 
tances from  the  neutral  axis,  and  in  (&)  the  stress  .in  the  steel  is  n 
times  the  stress  in  the  concrete  at  the  same  distance  from  the  neutral 


axis. 


Deformotion  of  Conora^c 


CompreMivt  Stress 


Neutral  Axis- 


f  Center  of  5twll 


U-^^.J 


Ke- 


fs  ^ 


Deformation  of  Steel 

Tensile  5ires5' 

(a) 

(b) 

Fig.  I. 

Section  of  Beam 

(c) 


Neutral  Axis  and  Arm  of  Resisting  Couple. — Now  the  sum  of  the 
horizontal  compressive  stresses  is  equal  to  the  horizontal  tensile  stress, 
and 

ifc.b.kJ=UA  (i) 


Substituting  the  value  of  A=p,b,d,  and  reducing 


iUk=Up 


From  (6)  Fig.  i,  we  have 


and 


fc :  fs/n  ::k.d:d(i  —  k), 
/,.*.rf=/c.n.rf(i  —  k) 


(2) 


(3) 
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Substituting  the  value  of  /*  in  (2)  in  (3) 

and 

k^=i2p.n{i—k) 


k=y/2p.n  +  p\n^  —  p.n  .  (4) 

This  formula  shows  that  fe  is  a  constant  for  all  beams  having  a  given 
percentage  of  reinforcement  and  the  same  grade  of  concrete.  The 
values  of  k  for  n==iS  and  for  different  values  of  p  are  given  in  the 
upper  part  of  Fig.  2. 

The  centroid  of  the  compressive  stresses  is  z^^k.d  below  the  top 
of  the  beam,  and  the  arm  of  the  resisting  couple  is 

j.d  =  d  —  ik,d,  or  j=i—ik  (5) 

Values  of  /  forn=  15  and  for  different  values  of  p  are  given  in  Fig.  2. 
It  will  be  seen  that  for  /,=  15,000  to  16,000  lbs.  per  sq.  in.  and  /c=6oo 
to  650  lbs.  per  sq.  in.,  /  may  be  taken  as  J. 

Moment  of  Resistance. — If  the  beam  is  tmder-reinf orced  its  strength 
will  depend  on  the  steel,  and 

Ms  =  T.jJ  =  fs.AJ,d=UpJ.b.d^  (6) 

If  the  beam  is  over-reinforced  its  strength  will  depend  on  the  concrete, 
and       • 

Mo=  C.j,d=iUb.k.d.jJ=iUk.j.b,d^  (7) 

The  resisting  moment  of  the  beam  is  the  smaller  of  the  two  values  of  M. 
Now  if  Rt='f».p.j,  and  Rc  =  \fo'k.j,  equations  (6)  and  (7)  become 

M.=Rs^b.d^  (6a) 

Mo=Rc.b.d^  (7^) 


Fiber  Stresses. — ^To  calculate  the  unit  fiber  stresses  for  a  given 


426  APPENDIX   III. 

bending  moment  solve  equations  (6)  and  (7),  and 

Steel  Ratio. — If  k  be  eliminated  by  solving  equations  (2)  and  (3) 
the  steel  ratio  will  be 

/.  W.     / 

If  a  value  of  p  less  than  that  given  by  (lo)  is  used  the  steel  determines 
the  strength  of  the  beam,  while  if  p  is  greater  the  concrete  will  deter- 
mine the  strength  of  the  beam. 

Diagram  for  Rectangular  Beams. — In  Fig.  2  are  given  values  of 

M 
k  and  ;  for  n  =  15  and  for  different  values  of  p.    Values  of  Rc=^j-,- 

M 
are  given  for  different  values  of  fe  and  p,  and  values  of  R$=  tzjt  ^^^ 

o,a 

given  for  different  values  of  /,  and  p.     The  use  of  the  table  will  be 

shown  by  three  problems. 

Problem  i.  Moment  of  Resistance. — Given  the  following  data: 
b=z  io'\  rf  =  2o",  f 8  =  16,000  lbs.,  /c  =  6oo  lbs.,  2  steel  bars  i"  D 
(/>=o.oi),  find  Ma  and  Mc. 

Solution, — In  Fig.  2  find  the  value  of  percentage  of  reinforcement 
/>  ==  I  per  cent,  on  lower  margin  and  follow  the  vertical  line  to  curved 
line  /c  =  6oo,  then  follow  to  the  left  on  a  horizontal  line  and  find 
7^0=107  on  left  margin.  In  like  manner  7?,  =  138,  which  will  over- 
stress  the  concrete.  The  resisting  moment  will  then  be  M  =  Rc.bM^ 
=  107  X  10  X  20^  =  428,000  in,-lbs. 

Problem  2.  Fiber  Stresses. — Given  the  following  data:  &  =  io", 
rf=:2o",  /^=: 0.009  (0.9  per  cent),  M  =  360,000  in.-lbs.,  find  /,  and  /c. 


Percentage  Reinforcement 
Q5  1.0  15 


ao 


0,5  1.0  13 

Percentage  Reinforcemenb 

Fig.  2. 


(427) 
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Solution. — R  =  M/b.d^  =  go.  In  Fig.  2  the  intersection  of  a  ver- 
tical line  through  reinforcement =0.9  per  cent  and  a  horizontal  line 
through  i?  =  90,  gives  fc  =  520  and  /,=  11,700. 

Problem  3.  Cross-section  of  Beam  and  Percentage  of  Reinforce- 
ment.— Given  Af  =  360,000  in.-lbs.,  /,=  14,000,  f 0  =  500  lbs.,  to  find 
b,  d  and  p. 

Solution, — In  Fig.  2  the  intersection  of  curved  line  f 0  =  600  and 
straight  line  /,  =  14,000  gives  on  the  lower  margin,  ^  =  0.0084  (0.84 
per  cent) ,  and  on  left  margin  gives  /?=  102.  Then  b.d^=M/R=3,530. 
Now  if  fe=io",  then  d=i9'\ 

STRESSES  IN  T-BEAMS.— There  will  be  two  cases:  (i)  when 
the  neutral  axis  is  in  the  flange,  and  (2)  when  the  neutral  axis  is  in 
the  web. 

Case  I.  The  Neutral  Axis  in  the  Flange. — ^The  formulas  for  a 
rectangular  beam  apply  where  b  is  the  flange  width  and  p=^A-T-b,d, 

» 

not  A  -f-  b\d. 


' b >! 


K".b-->l 


Approximate  Formulas, — It  will  be  seen  in  Fig.  3  that  j,d  is  always 
greater  than  d — t/^,  and  the  following  formulas  are  on  the  safe  side. 
Ms  =  fB.A(d  —  t/3),  and  f,  =  M,/A{d—t/i).  There  is  no  corre- 
sponding approximate  formula  for  the  concrete. 

Case  II.  The  Neutral  Axis  in  the  Web. — ^Where  the  thickness  of 
the  flange  /  is  large  as  compared  with  the  depth  of  the  beam,  or  as  com- 
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pared  with  the  width  of  the  web,  the  compression  in  the  web  may  be 
neglected. 

( I )  The  Compression  in  the  Web  Neglected.    Neutral  Axis  and 
Arm  of  Resisting  Couple. — ^As  in  the  rectangular  beam 

Uk=fc.n{i  —  k)  (3) 

and 

The  average  unit  compressive  stress  in  the  flange  is 
and  the  total  compression  is 


Now  since  C=T 


f-^=f'{'-^y*         ('^> 


Solving  (3)  and  (12)  for  k  we  have 


2n.d.A  +  2b,d.t 

Substituting  ^.fe.rf  for  A,  we  have 

jL_    2n,p.d^  +  t* 
2n,p,d^  +  2d,t 


2n.d,A+bJ^  .     . 


(14) 


The  arm  of  the  resisting  couple  is  d  —  z,  where  z  is  the  distance  from 
the  top  of  the  beam  to  the  center  of  the  shaded  area  in  Fig.  3. 

Also 

y.d==rf — z  (16) 

Substituting  k  from  (14)  in  (15)  and  z  from  (15)  in  (16)  we  have 

6-6t/d  +  2(t/dy+  (t/dy/2p.n  . 

^  -  6~-3i7d ^  '7) 
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Moment  of  Resistance* — If  the  beam  is  under-reinforced  the  strength 
of  the  beam  will  depend  upon  the  steel,  and 

M,  =  f..A{d—z)=f.A,j.d  (i8) 

If  the  beam  is  over-reinforced  the  strength  of  the  beam  will  depend 
upon  the  concrete,  and 

Unit  Stresses. — The  values  of  /,  and  fe  may  be  obtained  from  (8) 
and  (9)  respectively,  or  from 

T 
C^T^  Mjj.d,  and  /.  —  ;j  (20) 

y~2k.d)d 

2.  Compression  in  Web  Considered. — Where  the  flange  is  thin  as 
compared  with  the  depth  of  the  beam,  d,  and  width  of  web,  b',  it  may 
become  necessary  to  consider  the  compression  in  the  web.  In  the 
same  manner  as  in  ( i ) ,  we  have 

.   .        \2n.d.A-\-{b  —  b')t'  .   (n.A  +  {b  —  b')t\*     n.A  +  {b— b') t 

*•"->/ T' +v — b' — ; v — 

. ^L \ _3 /J ,     -. 

*~  b.t{2k.d  —  t)-\-b'{k.d—t)*  ^^* 

j.d=d — s  (24) 

M,==f,A.j.d  (25) 

^'  -  {td^^'^-'^-  *^-*  -^  ^^•^-  ')'^'^^-''  (^^> 

Design  of  T-Beams. — Where  the  dimensions  and  reinforcement  of 
the  beam  are  given  the  safe  load  can  be  calculated  by  the  preceding 
formulas.  If  the  value  of  kA  is  less  than  i  the  problem  comes  under 
Case  I,  and  the  formulas  for  rectangular  beams  may  be  used. 
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In  designing  a  T>beam  the  value  of  b'  will  be  determined  by  the 
space  required  for  the  reinforcing  rods  and  to  give  the  required  shear- 
ing strength.  The  thickness  of  the  flange  /  will  be  governed  by  the 
width  of  flange  b:  standard  specifications  require  that  the  overhang 
of  the  flange  shall  not  be  greater  than  4/,  or  that  b^Si-{-b\  also  that 
the  total  flange  width  shall  not  exceed  one- fourth  the  span. 

STRESSES  IN  BEAMS  REINFORCED  FOR  COMPRES- 
SION.— ^The  beam  is  reinforced  widi  steel  on  both  the  compressioo 
and  tension  sides. 


!<-fc-i 


Fia  4. 


Ncntral  Axis  and  Arm  of  Resisting  Couple. — From  Fig.  4,  as  in 
Fig.  I,  we  have 

Uk=Un(i  —  k)  (3) 

Also 

and 


/:»/.-(i-^^) 


{27) 


For  simple  flexure  T=  C  +  C,  and  f^^A  =  iUb.kM  +  f/^r      (28) 
Substituting  values  of  fc  and  //  from  (^^  and  (^27)  in  (28),  we  have 

k*  +  2n(p  +  p')k=2n(p  +  p\d'd) 
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and  solving  for  k, 

k  =  V2n{p  +  p'd'/d)  +  inip  +  n]'—nip  +  p')  (29) 

The  ami  of  the  resisting  couple  is 

j.d=d—g  (30) 

where  s  is  given  by  the  equation 


(30 


Moment  of  Resistance. — If  the  beam  is  under-reinforced  on  the 
tension  side  the  strength  of  the  beam  is  determined  by  the  steel,  and 

M .  =  ft.A  J,d = ft,pj,b.d*  (32) 

If  the  beam  is  over-reinforced  on  the  tension  side,  the  strength  of  the 
beam  is  determined  by  the  compressive  resistance  and 

Mc = iUk  ( I  —  ik)b.d^  +  U.p'.b.d(d — d')  (33) 

If  the  value  of  /«'  from  (27)  be  substituted  in  (33),  then 

Ma==Ub.dnk(i  —  ik)  +n.p'{k  —  d'/d)(i—dyd)/k]      (34) 
Fiber  Stresses. — The  stress  /,  for  a  moment  M  is 

M       _M_ 

while  the  compressive  stresses  may  be  calculated  by  equations  (3)  and 

(27). 

Approximate  Formulas. — For  approximate  calculations  assume  that 
4=0.45  and  y=o.85,  and  then 

Ms  =  o.85p,Ub.d*  (36) 

Ma=  (0.19  +  io.sP')Ub,d^  (37) 

fs  =  i.i8M/p,b,d*  (38) 
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FLEXURE  AND  DIRECT  STRESS.— When  a  member  carries 
direct  stress  and  at  the  same  time  acts  as  a  beam,  there  are  both  direct 
stresses  and  bending  stresses  at  any  section.  A  common  example  is 
where  the  resultant  of  the  external  forces  on  a  beam  acting  on  one 
side  of  the  section  is  not  normal  to  the  beam.  There  are  two  cases: 
(i)  where  the  neutral  axis  is  entirely  outside  of  the  beam  and  the  com- 
bined stresses  are  all  tension  or  all  compression,  and  (2)  where  the 
neutral  axis  is  inside  the  section  and  the  stresses  on  the  section  are 
both  tension  and  compression. 

The  following  additional  notation  is  required: 

P=  resultant  of  all  external  forces  acting  on  a  beam  on  either 

side  of  the  section. 
N='  component  of  P  normal  to  section. 
e=i  eccentric  distance  of  P. 
M==  bending  moment  on  section  =  iV.^. 
A'=  area  of  steel  near  face  most  highly  stressed. 
d'=  distance  from  upper  face  to  center  of  steel  A'. 
A  =  area  of  steel  near  other  face. 
rf=  distance  from  upper  face  to  center  of  steel  A. 
h  =  height  of  section. 
p'=:  steel  ratio  A'/b.h, 
p  =  steel  ratio  A/b,h. 

y=  distance  from  upper  face  to  center  of  the  transformed  section. 
At=  area  of  the  transformed  section. 
It=  moment  of  inertia  of  transformed  section  with  reference  to 

its  centroidal  axis. 
/,,  =2  moment  of  inertia  of  the  concrete  with  reference  to  the 

same  axis. 
7,^  moment  of  inertia  of  the  steel  with  reference  to  the  same 
axis. 
Case  I.     Stresses  all  Compression. — (a)  The  unit  stresses  in  the 
concrete  and  steel  can  be  calculated  by  transforming  the  section,  the 
steel  being  assumed  to  be  equal  to  concrete,  having  n  times  the  area  of 
the  steel,  and  acting  with  its  center  of  gravity  in  the  same  line. 
29 
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At  =  bJi  +  n(A+A') 

h/2  +  n.p.d  +  n.p'.d' 
^  i-\-n.p-\-  n.p' 

I,  =  A{d—yy  -{.A'{y  —  d'y 

/»=/«  +  nJ, 

If  the  reinforcement  is  symmetrical  and  equal,  3'=A/2.  and /< 
and/.=2y4(iA— d')». 

14..  £  ..^ 

' fi   ■' 


(39) 
(40) 

(41) 
(42) 
(43) 


? 


L ;„t    d' 

!  y 

d   i 


^-L...^^ 


±..J 


Fig.  5. 


Now  in  Fig.  5  the  direct  unit  stress  in  the  concrete  will  be  N/A,  and 


the  maximum  flexural  unit  stress  in  the  concrete  is 


:.^-y 


It 


and  the  com- 


bined stresses  are 


^      N     M.y 

N     n.Mjy-cT) 
JV     n.M.(d-y) 


(44) 


(45) 


(46) 


' 
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{b)  The  stresses  may  be  calculated  directly  from  Fig.  6  without 


using  the  transformed  sections     From  Fig.  6 

f.=n.U{i  —  d/k.h) 
/«'=/c(i-i/ft) 


(47) 
(48) 

(49) 


Now  since  the  resultant  normal  stress  equals  A^  we  have 

N=\{U  +  fc')b.h  +  f/u4'  +  UA  (50) 

and  since  M ^moment  of  all  forces  about  the  neutral  axis 

^- jc/; +/:)*-A6(i;^) +/^^'(  2  - '^ ) -/.-^t^ 

The  unit  stresses  may  be  calculated  by  means  of  the  formulas  above. 

If  the  reinforcement  is  symmetrical,  and  A=^A\  k  is  given  by  the 
equation 

i2k{i'\'2n.p)e/h^=i-\'24n.p.aF/h^'\-6{i-\'2n.p)e/h      (52) 
and 

M=fe.bJiHi  +  24n,pMyh')/i2k  (53) 

If  ^/A  =  T^  and  p=i.o  per  cent,  it  =  2.07. 
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Case  II.    Stresses,  Both  Tension  and  Compression. — (a)  If  the 

N      M,y 
tension  as  calculated  by  the  formula  /',=  -j  —  --ir-  does  not  exceed,  say 

60  lbs.  per  sq.  in  it  will  be  sufficient  to  use  the  formulas  of  Case  I. 

(6)  If  the  tensile  stresses  in  the  concrete  are  too  large  to  be  neglected 
the  stresses  may  be  calculated  as  follows : 


Fig.  7. 


From  Fig.  7  we  have 


and 


The  resultant  fiber  stress  may  be  obtained  from 

N  =  ifo.b.k.h  +  f,'.A'—f,.A 


(54) 


(55) 


(56) 


The  moment  of  the  fiber  stresses  about  the  horizontal  axis  through 
O  is  M,  and 
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If  the  reinforcement  is  equal  on  both  sides  and  symmetrical  we  have 

^- ^{i-%y+ '^''^^''^''-^{1+ ^i)  (58) 

The  greatest  compression  in  the  fiber  is  then  obtained  from       ^ 

M^/J./t'  [^3^(3-2*)  +  ^  ^]  (59) 

5.  COLUMNS.  For  short  columns  the  ratio  of  length  to  least 
width  not  exceeding  15, 

/.=«./<,  (60) 

P'=UA„-^f..A,  '  (61) 

=UAc[i  +  in—i)p]  (62) 

-  =  I  +  («  _  ly  (63) 

French  Commission's  formula  for  hooped  columns : 

P'=^UA(i  +  i5P  +  32p')  (64) 

For  long  columns : 

20,000  \ry 

Where  /  is  the  average  unit  stress  on  the  column,  and  /  and  r  are  the 
length  and  radius  of  gyration  of  the  column  respectively,  both  meas- 
ured in  the  same  units. 

Bond  or  Resistance  to  Slipping  of  Reinforcing  Bars. — where  there 
is  no  web  reinforcement  the  shear  is  taken  by  the  concrete  and  the 
shear  increments  are  transferred  to  the  bars  by  the  adhesion  of  the 
concrete  to  the  bars.  The  solution  is  the  same  as  that  for  finding  the 
pitch  of  rivets  in  the  flanges  of  a  plate  girder. 

Now  in  (6),  Fig.  i,  take  two  right  sections  at  a  distance  dx  apart. 
Equilibrium  of  these  two  sections  is  maintained  by  the  resisting  moment 
of  the  bond  which  is  equal  and  opposite  to  the  moment  of  the  vertical 
shear,  a  couple  with  an  arm  dx. 
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Taking  moments  about  center  of  gravity  of  compressive  forces  we 
have 

V.dx=o.u.dx.j,d  (66) 

where  o  =  surface  of  bar  for  one  inch  in  length  and  So = surface  of 
all  the  bars  one  inch  in  length,  M=bond  developed  per  square  inch  of 
surface  of  bar,  and  V  is  the  vertical  shear  in  the  beam. 
Solving  for  u,  we  have 

Equation  (67)  applies  to  the  case  of  horizontal  bars.  For  inclined 
bars,  j.d  will  be  a  variable  and  u  wifl  be  the  horizontal  component  of 
the  bond  resistance. 

Vertical  and  Horizontal  Shearing  Stresses. — At  any  point  in  a 
beam  the  vertical  unit  shearing  stress  is  equal  to  the  .horizontal  unit 
shearing  stress.  The  horizontal  shearing  stress  transmits  the  incre- 
ments of  tension  to  the  reinforcing  bars  by  bond  stresses,  as  explained 
in  the  preceding  discussion. 

The  amount  of  this  horizontal  stress  transmitted  to  the  reinforcing 
bars  is  by  equation  (67) 

V 
I'd 

Now  if  the  horizontal  shear  just  above  the  plane  of  the  bars  is  v,  the 
'  total  horizontal  shearing  stress  will  be  v,b,  which  equals  ^om,  and 

As  an  approximate  formula  ;  may  be  taken  equal  to  J,  and 

As  no  tension  is  assumed  to  exist  in  the  concrete,  the  horizontal  shear 
will  be  constant  up  to  the  neutral  axis,  above  which  point  it  decreases 
to  zero  at  the  top  of  the  beam.     It  will  be  seen  that  lean  or  poor  con- 
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Crete  lacking  in  shearing  strengtn  snould  not  be  placed  below  the  neu- 
tral axis  of  beams  with  the  idea  that  it  may  be  satisfactory  for  the 
reason  that  the  concrete  is  assumed  to  take  no  tension. 

The  same  formulas  apply  to  beams  reinforced  for  compression  as 
regards  shear  and  bond  stress  on  tensile  steel. 

For  T-Beams. 

Diagonal  Tension  in  Concrete. — In  Mechanics  of  Materials  (Mer- 
riman's  Mechanics  of  Materials,  p.  265,  1905  edition)  it  is  shown  that 
shear  and  tensile  stresses  combine  to  cause  diagonal  tensile  stresses. 


t  =  y+^s/\^+V^  (71) 

where  t  is  the  diagonal  tensile  unit  stress,  s  is  the  horizontal  tensile  unit 
stress,  and  v  is  the  horizontal  or  vertical  shearing  unit  stress.  The 
direction  that  stress  t  makes  with  the  horizontal  is  one-half  the  angle 
whose  cotangent  is  \s/v.  If  there  is  no  tension  in  the  concrete  this 
reduces  to 

t=^v  (72) 

and  t  makes  an  angle  of  45^  with  the  horizontal. 

Stresses  due  to  diagonal  tension  may  be  carried  ( i )  by  bending  the 
reinforced  bars,  or  by  strips  sheared  from  them,  into  a  diagonal  posi- 
tion, or  (2)  by  means  of  stirrups  to  take  the  vertical  component  of  the 
diagonal  tension,  or  (3)  by  both  bent-up  bars  and  stirrups. 

Stresses  in  Stirrups. — The  following  analysis  is  approximate  but 
gives  results  that  agree  closely  with  experiments.  From  formula  {72) 
it  will  be  seen  that  for  no  tension  below  the  neutral  axis  the  diagonal 
tension  will  make  an  angle  of  45°  with  the  horizontal;  the  plane  of 
failure  will  then  be  normal  to  the  diagonal  tension  and  will  also  make 
an  angle  of  45®  with  the  horizontal.    Let  V  be  the  shear  in  the  beam 
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not  carried  by  the  concrete.    Also  assume  that  the  shear  is  uniform 
over  the  cross-section.    Then  z/  =  V/b.d  =  t. 

From  Fig.  8,  if  s  is  the  spacing  of  the  vertical  stirrups  the  stress  in 
one  stirrup  is 


PssV.6,S^  -r,S 


V 
7 


{7Z) 


Stirrups  inclined  at  an  angle  of  45**  will  carry  the  diagonal  tension 
on  a  section  s,b,cos  45**.    Then  for  diagonal  stirrups 


P  B  v,b.s  cos 4$^  s=  0.7-7 .J 


(74) 


To  be  effective  the  stirrups  should  be  spaced  so  that  at  least  one  stirrup 
will  intersect  the  line  of  rupture  (45**  line)  below  the  center  of  the 
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Fig.  8. 


beam,  which  requires  that  s  never  be  greater  than  d/2.  Rods  spaced 
farther  apart  than  d  are  of  no  value. 

Inclined  stirrups  should  be  rigidly  fastened  to  the  horizontal  rein- 
forcement, and  all  stirrups  should  pass  around  the  horizontal  reinforce- 
ment, and  have  hooked  ends  at  the  top. 

To  calculate  the  stress  in  a  rod  bent  up  at  45**  in  a  beam  with  a  uni- 
form load  the  method  shown  in  Fig.  9  may  be  used.    The  average  shear 
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at  the  support,  i/=-  V/h.d,  is  laid  off  as  shown.  The  shear  that  may 
be  carried  by  the  concrete,  z;=40  lbs.,  or  z/  =  35  lbs.,  is  subtracted. 
The  stress  in  the  bent-up  rod  is  then  equal  to  area  1-2-3-4  X  &•  If  the 
bar  is  bent-up  at  some  angle  other  than  45®  the  shear  1/  should  be  laid 
off  parallel  to  the  bent-up  bar.  If  stirrups  are  used  the  stress  carried 
by  them  should  be  subtracted  before  calculating  the  stresses  in  the 
bent-up  rods. 


Spacing  of  Bars. — ^The  lateral  spacing  of  parallel  bars  should  not  be 
less  than  2\  diameters,  center  to  center,  nor  should  the  distance  from 
the  side  of  the  beam  to  the  center  of  the  nearest  bar  be  less  than  2  diam- 
eters. The  clear  spacing  between  two  layers  of  bars  should  not  be  less 
than  \  inch,  but  the  distance  center  to  center  of  bars  in  the  different 
layers  should  not  be  less  than  2\  diameters. 

T-Beams. — In  beam  and  slab  construction,  an  effective  bond  should 
be  provided  at  the  junction  of  the  beam  and  the  slab.  When  the  prin- 
cipal slab  reinforcement  is  parallel  to  the  beam,  transverse  reinforce- 
ment should  be  used  extending  over  the  beam  and  well  into  the  slab. 
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Where  the  slab  and  beam  are  well  bonded  the  slab  may  be  considered 
as  part  of  the  beam,  but  the  effective  width  should  not  exceed  i  of  the 
span  length  of  the  beam,  or  its  overhanging  width  on  either  side  of 
the  web  should  not  exceed  four  times  the  thickness  of  the  slab.  Unless 
an  efficient  mechanical  bond  is  provided  the  beam  and  slab  should  be 
cast  in  one  operation.  In  the  design  of  continuous  T-beams  due  con- 
sideration should  be  given  to  the  compressive  stresses  at  the  supports. 

Floor  Slabs. — Floor  slabs  should  in  general  be  made  continuous  over 
the  supports.  Square  slabs  should  be  reinforced  in  both  directions 
with  each  system  of  reinforcement  designed  to  take  one-half  of  the 
load.  For  rectangular  slabs  reinforced  in  both  directions  the  propor- 
tion  of  the  load  taken  by  the  transverse  reinforcement  should  be  taken 
as  equal  to  the  quotient  obtained  by  dividing  the  fourth  power  of  the 
length  by  the  sum  of  the  fourth  power  of  the  length  and  the  fourth 
power  of  the  breadth,  and  the  longitudinal  reinforcement  designed  to 
take  the  remainder  of  the  load.  The  loads  carried  to  beams  by  slabs 
which  are  reinforced  in  two  directions  may  be  assumed  to  vary  in 
accordance  with  the  ordinates  of  the  triangle  formed  by  the  main  diag- 
onals of  the  rectangle,  and  the  moments  in  the  beams  calculated 
accordingly. 

Bending  Moments. — ^When  the  beam  or  slab  is  continuous  over  its 
supports,  reinforcement  should  be  fully  provided  at  points  of  negative 
moment.  In  computing  the  bending  moments  in  beams  and  slabs  due 
to  uniformly  distributed  loads  the  following  rules  should  be  used: 

(a)  For  floor  slabs  the  bending  moments  at  center  and  supports  may 
be  taken  as  wX^/\2  for  slabs  continuous  over  the  supports;  wX^/\o  for 
slabs  with  one  end  continuous  and  the  other  end  supported ;  and  w.P/S 
for  slabs  supported  at  the  ends,  for  both  dead  and  live  loads,  where  w 
represents  the  loads  per  linear  foot  and  /  the  length  of  the  span. 

(6)  For  beams  the  bending  moment  at  center  and  supports  for  in- 
terior spans  may  be  taken  at  w.l^/ 12;  and  for  end  spans  may  be  taken 
at  w./yio  for  the  center  and  adjoining  supports  for  both  dead  and  live 
loads.     In  the  case  of  floor  slabs,  beams  and  girders  designed  as  above 
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the  reinforcing  steel  should  be  rigidly  fastened  at  the  ends,  or  the  bend- 
ing moments  may  be  taken  as  wJ^/&.  Where  beams  are  reinforced  on 
the  compression  side,  the  steel  may  be  assumed  to  carry  its  proportion 
of  compressive  stress.  In  the  case  of  continuous  beams,  tensile  and 
compressive  reinforcement  over  supports  should  extend  sufficiently 
beyond  the  support  to  develop  the  required  bond  strength,  or  the  bars 
should  be  bent  around  the  flanges  of  beams  or  other  frame  work  with 
bends  not  less  than  6  inches  long. 

For  a  more  complete  discussion  of  the  design  of  reinforced  concrete 
structures,  see  Turneaure  and  Maurer's  "  Principles  of  Reinforced  Con- 
crete Construction." 


CHAPTER  III. 

Specifications  for  Plain  and  Reinforced  Concrete  and  Steel 

Reinforcement. 

Concrete  Materials. 

1.  Cement.— The  cement  shall  be  Portland  and  shall  meet  the  requirements 
of  the  standard  specifications  of  the  American  Society  for  Testing  Materials. 

2.  Fine  Aggregates* — Fine  aggregate  shall  consist  of  sand,  crushed  stone,  or 
gravel  screenings  graded  from  fine  to  coarse,  and  passing  when  dry  a  screen 
having  ^  in.  diameter  holes;  it  shall  preferably  be  of  siliceous  material,  clean, 
coarse,  free  from  vegetable  loam  or  other  deleterious  matter,  and  not  more 
than  6  per  cent  shall  pass  a  sieve  having  too  meshes  per  linear  inch. 

3.  Strength  of  Mortar. — Mortars  composed  of  one  part  Portland  cement  and 
three  parts  fine  aggregate  by  weight  when  made  into  briquettes  shall  show  a 
tensile  strength  of  at  least  equal  to  70  per  cent  of  the  strength  of  i :  3  mortar 
of  the  same  consistency  made  with  the  same  cement  and  standard  Ottawa  sand. 

4.  Coarse  Aggregates^ — Coarse  aggregate  shall  consist  of  crushed  stone  or 
gravel,  graded  in  size,  and  which  is  retained  on  a  screen  having  %  in.  diameter 
holes;  it  shall  be  clean,  hard,  durable,  and  free  from  all  deleterious  materiaL 
Aggregates  containing  soft,  flat  or  elongated  particles  shall  not  be  used. 

5.  Water. — The  water  used  in  mixing  concrete  shall  be  free  from  oil,  acid 
and  injurious  amounts  of  alkalies  or  vegetable  matter. 

Steel  Reinforcement. 

6.  Manufacture. — Steel  shall  be  made  by  the  open-hearth  process.  Rerolled 
material  will  not  be  accepted. 

7.  Plates  and  shapes  used  for  reinforcement  shall  be  of  structural  steel  only. 
Bars  and  wire  may  be  of  structural  steel  or  high  carbon  steel. 

8.  Schedule  of  Requirements.— The  chemical  and  physical  properties  shall 
conform  to  the  following  limits: 


Elements  Considered. 

Structural  Steel. 

High  Caibon  Steel. 

--       -                       r  Basic 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

Desired. 
60,000 
1,500,000* 

Ult.  tensile  strength 
Silky 
iSoOflatf 

0.04  ]>er  cent 
0.06  per  cent 
0.05  per  cent 

Desired 
88,000 

Phosphorus,  max...  \  k  -^ 

Sulnhu r,  maximum.. , x . . . 

Ultimate  tensile  strength. 
Pounds  per  square  inch. 

Elong.,  min.  %  in  %'',  Fig.  I...  | 
Charact  er  of  fracture 

1,000,000 

Ult.  tensile  strength 
Silky  or  finely  granular. 
l8oo</  =  4/.t 

Cold  Bends  without  Fracture 

♦See    paragraph    15.     fSee    paragraphs    16   and    17.    t"d  =  4t"    signifies 
**  around  a  pin  whose  diameter  is  four  times  the  thickness  of  the  specimen." 
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9.  Yield  Point. — ^Thc  yield  point  for  bars  and  wire,  as  indicated  by  the  drop 
of  the  beam,  shall  be  not  less  than  60  per  cent  of  the  ultimate  tensile  strength. 

10.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000 
lbs.  for  structural  steel  or  6,000  lbs.  for  high  carbon  steel,  a  retest  shall  be  made 
on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000  lbs.,  for  struc- 
tural steel,  or  8»ooo  tt)s.  for  high  carbon  steel,  of  the  desired  ultimate. 

11.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of  car- 
bon, phosphorus,  sulphur  and  manganese  shall  be  made  by  the  manufacturer  from 
a  test  ingot  taken  at  the  time  of  the  pouring  of  each  melt  of  steel,  and  a  correct 
copy  of  such  analysis  shall  be  furnished  to  the  engineer  or  his  inspector. 

12.  Form  of  Specimens.  Plates,  Shapes  and  Bars. — Specimens  for  tensile 
and  bending  tests  for  plates  and  shapes  shall  be  made  by  cutting  coupons  from 
the  finished  product,  which  shall  have  both  faces  rolled  and  both  edges  milled 
to  the  form  shown  by  Fig.  i ;  or  with  both  edges  parallel ;  or  they  may  be  turned 
to  a  diameter  of  ^  in.  with  enlarged  ends.  Fig.  2. 
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13.  Bars  shall  be  tested  in  their  finished  form. 

14.  Number  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  be 
made  from  each  melt  of  steel  as  rolled.  In  case  steel  differing  f^  in.  and  more 
in  thickness  is  rolled  from  one  melt,  a  test  shall  be  made  from  the  thickest  and 
thinnest  material  rolled. 

15.  Modifications  in  Elongation. — For  material  less  than  ^  in.  and  more 
than  ^  in.  in  thickness  the  following  modifications  will  be  allowed  in  the  require- 
ments for  elongation: 

(a)  For  each  A  in.  in  thickness  below  A  in.  a  deduction  of  2j4  will  be 

allowed  from  the  specified  percentage. 

(b)  For  each  %  in.  in  thickness  above  }i  in.,  a  deduction  of  i  will  be 

allowed  from  the  specified  percentage. 

16.  Bending  Tests. — Bending  tests  may  be  made  by  pressure  or  by  blows. 
Shapes  and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  8. 
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17.  Thick  MateriaL — ^Test  specimens  one  inch  thick  and  over  shall  bend  cold 
180  degrees  around  a  pin,  the  diameter  of  which,  for  structural  steel,  is  twice 
the  thickness  of  the  specimen,  and  for  high  carbon  steel,  is  six  times  the  thick- 
ness of  the  specimen,  without  fracture  on  the  outside  of  the  bend. 

18.  FuuMtit — Finished  material  shall  be  free  from  injurious  seams,  flaws, 
cracks,  defective  edges  or  other  defects,  and  have  a  smooth,  uniform  and  work- 
manlike finish. 

19.  Stampings — Every  finished  piece  of  steel  shall  have  the  melt  number  and 
the  name  of  the  manufacturer  stamped  or  rolled  upon  it,  except  that  bar  steel 
and  other  small  parts  may  be  bundled  with  the  above  marks  on  an  attached  metal 

20.  Defective  MateriaL — Material  which,  subsequent  to  the  above  tests  at  the 
mills,  and  its  acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other 
imperfections,  or  is  found  to  have  injurious  defects,  will  be  rejected  and  shall  be 
replaced  by  the  manufacturer  at  his  own  cost. 

21.  All  reinforcing  steel  shall  be  free  from  excessive  rust,  loose  scale,  or 
other  coatings  of  any  character,  which  would  reduce  or  destroy  the  bond. 


Workmanship. 

22.  Unit  Measure. — ^The  unit  of  measure  shall  be  the  cubic  foot  A  barrel 
containing  4  bags  weighing  not  less  than  94  lbs.  each  shall  be  assumed  as 
containing  3.8  cubic  feet  of  cement.  Fine  and  coarse  aggregates  shall  be 
measured  separately  as  loosely  thrown  into  the  measuring  receptacle. 

23.  Relation  of  Fine  and  Coarse  Aggregates. — ^The  fine  and  coarse  aggre- 
gates shall  be  used  in  such  relative  proportions  as  will  insure  maximum  density. 

24.  Proportions^ — ^The  proportions  of  materials  for  the  different  classes  of 
concrete  shall  be  as  follows: 


CUm 

Uae. 

Ceincnt. 

Agsregimtes. 

Fine. 

Coane. 

25.  Proportions. — For  plain  concrete,  a  proportion  of  i :  9  (unless  otherwise 
specified)  shall  be  used,  i.  e.,  one  part  of  cement  to  a  total  of  nine  parts  of  fine 
and  coarse  aggregates  measured  separately;  for  example,  i  cement,  3  fine  aggre- 
gate, 6  coarse  aggregate. 

26.  For  reinforced  concrete  a  proportion  of  i :  6  (unless  otherwise  specified) 
shall  be  used,  i.  e.,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coarse 
^SSregates  measured  separately. 
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27.  Mixing. — ^The  ingredients  of  concrete  shall  be  thoroughly  mixed  to  the 
desired  consistency,  and  the  mixing  shall  continue  until  the  cement  is  uniformly 
distributed  and  the  mass  is  uniform  in  color  and  homogeneous. 

26.  Measuring  Proportions. — ^The  various  ingredients,  including  the  water, 
shall  be  measured  separately,  and  the  methods  of  measurement  shall  be  such 
as  to  secure  the  proper  proportions  at  all  times. 

29.  Machine  Mixing. — A  machine  mixer,  preferably  of  the  batch  type,  shall 
be  used  wherever  the  volume  of  the  work  will  justify  the  expense  of  installing  the 
plant.  The  requirements  demanded  are  that  the  product  delivered  shall  be  of 
the  specified  proportions  and  consistency  and  thoroughly  mixed. 

30.  Hand  Mixing. — When  it  is  necessary  to  mix  by  hand,  the  mixing  shall 
be  on  a  watertight  platform  of  sufficient  size  to  accommodate  men  and  materials 
for  the  progressive  and  rapid  mixing  of  at  least  two  batches  of  concrete  at  the 
same  time.  Batches  shall  not  exceed  one-half  cubic  yard  each.  The  mixing 
shall  be  done  as  follows:  The  fine  aggregate  shall  be  spread  evenly  upon  the 
platform,  then  the  cement  upon  the  fine  aggregates,  and  these  mixed  thoroughly 
until  of  an  even  color.  The  coarse  aggregates  which,  if  dry,  shall  first  be 
thoroughly  wetted  down  shall  then  be  added  to  the  mixture.  The  mass  shall 
then  be  turned  with  shovels  until  thoroughly  mixed  and  all  of  the  aggregate 
covered  with  mortar,  water  being  added  as  the  mixing  proceeds.  Or,  at  the 
option  of  the  engineer,  the  coarse  aggregate  may  be  added  after,  instead  of 
before,  adding  the  water. 

31.  Conustency. — ^The  materials  shall  be  mixed  wet  enough  to  produce  a  con- 
crete of  such  consistency  that  it  will  flow  into  the  forms  and  about  ^e  metal 
reinforcement,  and  which,  on  the  other  hand,  can  be  conveyed  from  the  place  of 
mixing  to  the  forms  without  separation  of  the  coarse  aggregate  from  the  mortar. 

32.  Retempering. — ^Retempering  mortar  or  concrete,  i.  e.,  remixing  with  water 
after  it  has  partially  set,  will  not  be  permitted. 

33.  Placing  of  Concrete. — Concrete  after  the  addition  of  water  to  the  mix 
shall  be  handled  rapidly  from  the  place  of  mixing  to  the  place  of  final  deposit, 
and  under  no  circumstances  shall  concrete  be  used  that  has  partially  set  before 
final  placing. 

34.  The  concrete  shall  be  deposited  in  such  a  manner  as  will  prevent  the 
separation  of  the  ingredients  and  permit  the  most  thorough  compacting.  It  shall 
be  compacted  by  working  with  a  straight  shovel  or  slicing  tool  kept  moving  up 
and  down  until  all  the  ingredients  have  settled  in  their  proper  place  and  the 
surplus  water  is  forced  to  the  surface.  In  general,  except  in  arch  work,  all 
concrete  should  be  deposited  in  horizontal  layers  of  uniform  thickness  through- 
out. 

35.  In  depositing  concrete  under  water,  special  care  shall  be  exercised  to 
prevent  the  cement  from  floating  away,  and  to  prevent  the  formation  of 
laitance. 

36.  Before  depositing  concrete  in  forms,  the  forms  shall  be  thoroughly 
wetted  except  in  freezing  weather,  and  the  space  to  be  occupied  by  the  concrete 
cleared  of  debris. 

37.  Before  placing  new  concrete  on  or  against  concrete  which  has  set,  the 
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surface  of  the  latter  shall  be  roughened,  thoroughly  cleansed  of  foreign  ma- 
terial and  laitance,  drenched  and  slushed  with  a  mortar  consisting  of  one  part 
Portland  cement  and  not  more  than  two  parts  fine  aggregate. 

j8.  The  faces  of  concrete  exposed  to  premature  drying  shall  be  kept  wet  for 
a  period  of  at  least  three  days. 

39.  Freezing  Weather. — ^The  concrete  shall  not  be  mixed  or  deposited  at  a 
freezing  temperature,  unless  special  precautions,  approved  by  the  engineer,  are 
taken  to  avoid  the  use  of  materials  containing  frost  or  covered  with  ice  crystals, 
and  to  provide  means  to  prevent  the  concrete  from  freezing. 

When  the  temperature  of  the  air  is  below  40**  F.  during  the  time  of 
mixing  and  placing  concrete,  the  water  used  in  mixing  concrete  shall  be  heated 
to  such  a  temperature  that  the  temperature  of  the  concrete  mixture  shall  not  be 
less  than  60°  when  it  reaches  its  final  position  in  the  forms.  Care  shall  be  used 
that  the  cement  shall  not  be  injured  by  boiling  water. 

40.  Rubble  Concrete. — Where  the  concrete  is  to  be  deposited  in  massive 
work,  clean,  large  stones,  evenly  distributed,  thoroughly  bedded  and  entirely  sur- 
rounded by  concrete,  may  be  used,  at  the  option  of  the  engineer. 

41.  Forms. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the 
concrete  shall  conform  to  the  designed  dimensions  and  contours,  and  so  con- 
structed as  to  prevent  the  leakage  of  mortar. 

42.  Removing  Forms. — The  forms  shall  not  be  removed  until  authorized  by 
the  engineer. 

43.  Form  Lumber. — For  all  important  work,  the  lumber  used  for  face  work 
shall  be  dressed  to  a  uniform  thickness  and  width ;  shall  be  sound  and  free  from 
loose  knots  and  secured  to  the  studding  or  uprights  in  horizontal  lines. 

44.  For  backings  and  other  rough  work  undressed  lumber  may  be  used. 

45.  Where  comers  of  the  masonry  and  other  projections  liable  to  injury 
occur,  suitable  moldings  shall  be  placed  in  the  angles  of  the  forms  to  round 
or  bevel  them  off. 

46.  Lumber  once  used  in  forms  shall  be  cleaned  before  being  used  again. 

Details  of  Construction. 

47.  Splicing  Reinforcement. — Wherever  it  is  necessary  to  splice  the  reinforce- 
ment otherwise  than  as  shown  on  the  plans,  the  character  of  the  splice  shall  be 
decided  by  the  engineer  on  the  basis  of  the  safe  bond  stress  and  the  stress  in 
the  reinforcement  at  the  point  of  splice.  Splices  shall  not  be  made  at  points  of 
maximum  stress.  The  reinforcement  shall  be  carefully  placed  in  accordance 
with  the  plans,  and  adequate  means  shall  be  provided  to  hold  it  in  its  proper 
position  until  the  concrete  has  been  deposited  and  compacted. 

48.  Joints  in  Concrete. — Concrete  structures,  wherever  possible,  shall  be 
cast  at  one  operation,  but  wh^  this  is  not  possible,  the  resulting  joint  shall  be 
formed  where  it  will  least  impair  the  strength  and  appearance  of  the  structure. 

49.  Girders  and  slabs  shall  not  be  constructed  over  freshly  formed  walls  or 
columns  without  permitting  a  period  of  at  least  four  hours  to  elapse  to  provide 
for  settlement  or  shrinkage  in  the  supports.  Before  resuming  work,  the  tops 
of  such  walls  or  columns  shall  be  cleaned  of  foreign  matter  and  laitance. 
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p  r,  50.  A  triangular-shaped  groove  shall  be  formed  at  the  surface  of  the  con- 

cep,-  Crete  at  vertical  joints  in  walls  and  abutments. 

51.  Surface  Finish. — Except  where  a  special  finish  is  required,  a  spade  or 
rftf:  special  tool  shall  always  be  worked  between  the  concrete  and  the  form  to  force 

back  the  coarse  aggregates  and  produce  a  mortar  face. 

i  3* ;  52.  Top  Surfaces. — ^Top  surfaces  shall  generally  be  "  struck  "  with  a  straight 

r.  i:-.  edge  or  "  floated "  after  the  coarse  aggregates  have  been   forced  below  the 

stLi  surface. 

S3.  Sidewalk  Finish. — Where  a  "  sidewalk  finish  "  is  called  for  on  the  plans, 
it  shall  be  made  by  spreading  a  layer  of  i :  2  mortar  at  least  ^  in.  thick,  trowel- 
-'^  ing  the  same  to  a  smooth  surface.    This  finishing  coat  shall  be  put  on  before 

'■e  r   the  concrete  has  taken  its  initial  set. 
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A-Typc  steel  head  frame.. 44,  105,  108 

Aggregates  for  concrete  444 

Alberta    Railway    and    Irrigation 

coal  tipple  161,  179 

Alameda  Avenue  Subway  retain- 
ing wall   250 

Allowable    bending    moments    on 

pins    353 

Bending  moment   in   reinforced 
concrete  beams  and  slabs..  442 

Loads  on  piles  379 

Allowable  stresses  in 

Bins    406 

Concrete    379 

Masonry    379 

Reinforced  concrete  419 

Rivets   222,  333,  381 

Roof  trusses  221 

Steel  coal  tipples 160,  163,  170 

Steel  head  frames 106,  129,  406 

Steel    380 

Steel  fluorspar  plant  309 

Timber    382,  401 

Allowable  variation  in  weight  of 

steel    397,  401 

Pressure  on  foundations  ...254,  379 

Pressure  on  masonry  253,  379 

Pressure  on  soils   239 

Algebraic  moments   216,  218 

Resolution    223 

Solution  of  stresses  in  bins 255 

Alternate  stresses   381 

Anaconda  steel  head  frame...  114,  368 

Anchors    394 

Anchor  bolts  341 

Angle  of 

Bin  bottoms   191 

Friction    268 

Friction  of  coal  290 

Repose 241,  242,  253,  267 

Angles,  Area  of  347 

Bending    39(S 

Connection    342,  343,  399 

Connected  by  one  leg  381 

Weight  of  ^  346 

Annabelle  mine,  Landers  for  ....     31 

Annealed  specimens   396 

Anti-condensation  lining   228,384 

Anthracite  coal.  Sizes  of   290 

Approval  of  plans  376,  405 
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Areas  of  angles 347 

Areas  deducted  from  plates  356 

Area  moments.  Method  of  72 

Area  througrh  pin  hole 391 

Ashes,  Weight  of  267 

Automatic  skip 34 

Balanced  hoisting  19 

Bar  iron  classification  391 

Bars    393 

Eye    352 

Lacing    391,  399 

Loop    351 

Spacing  of    441 

Upsets  for  348 

Base  plates   393 

Basin  and  Bay  State  head  frame, 

114,  115,  118,  368 

Batten  plates 391 

Beam  connections  81,  83,  84 

Beams    382 

Deflection  of,  68,  69,  70,  71,  73,  75, 

l^y.  77.  78,  79,  81,  83 

Details   for    336 

Standards  for   342,  343 

Bearing  on  foundations   239 

Behr,  Hans.  C 29 

Bending  moments  442 

Stresses  in  wire  rope  25 

Tests    396 

Big  Five  coal  tipple  155 

Bins    191,  306 

Allowable  stresses  in 406 

Coal    273,  275 

Circular   146,  270,  272 

Design  of 241,  270 

Hopper    271 

Lining  of  271 

Ore    274 

Steel    191 

Stresses  in  ...255,  256,  257,  258,  259 

Stresses  in  deep   263 

Stresses  in  shallow   259 

Timber    277,  278 

Types  of    271 

Bin  gates  272,  273,  407 

Bituminous  concrete 389 

Bolts    414 

Turned    400 

Bond  stress  in  concrete  ..420,  423,  437 
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Botsford,  H.  S 115 

Bow's   notation    . , 203 

Buckle  plates   325 

Buildings,  Design  of   224 

Building,  Steel  transformer   225 

.Bumping  tables  280,  281 

Bracing  375,  405,  408,  415 

Lateral    294 

Breaking  load  136,  170,  173,  406 

of  wire  rope 23,  24,  93 

Stresses    107,  407 

Brick  walls   309 

Cage,  29,  30,  32,  124,  125,  126,  129,  141, 
407 

Cage  hoisting  149 

Cage,     Self     dumping — ^sec     Self 
Dumping  Cages. 

Cage,  Weight  of  161 

Calculation  of  stresses  in 

Bins    255 

Bin  Framework  262 

Head  frames  47,    93 

Portal    215 

Roof  trusses  201 

Transverse  bent    212 

Trestle  bent    216 

Campbell  bumping  table  287 

Cananea  ore  bins  274,  278 

Capouse  coal  washer  282 

Cap,  Trestle 312 

Capacity  of  coal  tipple,  166, 173, 179,  182 

Carbon  coal  tipple   161 

Cardiff  coal  tipple  161,  170 

Carney  coal  tipple   13 

Cars    38,    40 

Castigliano    56,    57 

Cast  washers   414 

Castings   395.  398,  414 

Ceiling    413 

Cement  floor   238,  388 

Cement  tile  roof  306 

Centrifugal  jigs  281 

Chain  car  lift  173 

Channels,  Standards  for   344 

Chords,  Upper  391 

Christian,  August   121 

Cia.     Minera     de     Penoles     head 

frame    129,  144 

Circular  bins   146,  270 

Screens    157 

Ventilators    236,  386 

Clevises    349,  393 

Coal 

Bins  191,  273,  275 

Cars    38,  179 

Breakers,  Cost  of  301 

Design  of   290,  291 


Pace. 
Coal  Breakers 

Examples  of 294 

Operation  of  292 

Reinforced  concrete  302 

Coal  jigs   291 

Coaldale  breaker  292 

Coal.  Impurities  in 279,  290,  300 

Preparation  of  279 

Coal  screens  294 

Screening   281 

Sizing    149 

Specific  gravity  of  279,  294 

Tar 239 

Tar  paint   240,  250 

Coal  tipples,  Examples  of,  5,   11,  12, 
13,  14,  15,  148,  161 

Empire    182 

Big  Five   155 

Capacity  of  173,  179,  182 

Cardiff    170 

Design  of  160,  408 

Franklin  County  166 

Oakwood    10 

Operation    165 

Painting    409 

Phillips    187 

Rend    165 

Spring  Valley 173 

Timber    194 

Weight  of  steel 161,  168,  173,  178 

Coal  washers   279 

Capouse    282 

Design  of    282 

Operation  of  282 

Shoal  Creek   289 

Coal,  Weight  of  267 

Coefficient  of  friction   ...107,  241,  253 

Coke,  Weight  of  267 

Coke  bins 268 

Columns  226,  391,  437 

Details  for  337,  340 

Shop  cost  of 365 

Columns    of    a    transverse    bent, 

Stresses  in  85 

Combined  stress 381 

Compression  members   391,392 

Comstock,  Charles  W 29 

Concentrator  building   309 

Concentrated  load  stresses 211 

Concrete   444 

Bearing  on   106 

Bituminous    389 

Floors    238,  388 

Joints    448 

Stresses  in   379,  420 

Walls    128 

Connection  angles  342,  343,  399 

Connections,  Field   400 
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Cornice  385 

Corner  finish    385 

Continuous  beams 81,  83,    8^ 

Conventional  signs  for  rivets  ....  333 

Conveyor  hoisting 155 

Conveyor,  Scraper  182,  186 

Copper  Queen  head  frame  ...114,  12^ 

Copper  Queen  skips  123,  120 

Cottonwood  breaker 294 

Corrugated   steel,    147,    169,    195,   227, 
306,  309,  3^3 

Weight  of   376 

Cost  of 

Breaking  coal 301 

Drafting   362 

Erection    2/67 

Erection  of  head  frames  368 

Fabrication  of  steel  work 362 

Head  frame,  Shop  115,  117,  121 

Material    359 

Mill  details   362 

Painting    370 

Shop  work — ^see  Shop  costs. 

Wire  rope  362 

Crane  girders  319 

Posts    391 

Cranes,  Weight  of  322,  323,  324 

Cross-over  tipples  150,  152,  153 

Crushing  strength  of  masonry  ...  254 

Davis   Coal  and   Coke  Co/s  coal 

bins    275 

Data  for  coal  tipples 161 

Data  for  steel  head  frames 114 

Dead  loads  376,  405 

Dead  load  stresses   47,  106,  204 

Allowable  380 

Deepest  mine   29 

Deflection  of  beams,  68,  69,  70,  71,  73, 

75,  76.  77»  78,  79,  81,  83 
Deformation,  Calculation  of,  57,  58,  99 

Depth  of  shafts 114 

Design  of 

Bins    241,  270 

Coal  breakers    290,291 

Coal  tipples   148,  408 

Coal  washers   279 

Head   frames   IQ5,  108,  408 

Mine  buildings 199 

Plate  girders 320 

Retaining  walls  245,  250 

Roof  trusses    219,  221 

Reinforced  concrete  beams   ....  422 

Sheave  girders  112 

Steel  frame  buildings   224 

Details  of  columns  , 337 

Details,    Per    cent   of    ' 357 

Detail  plans    376 
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Diagonal  tension  in  concrete 439 

Diamond  steel  head  frame,   105,   114, 
120,  368 

Dimension  timber 412 

Doors  170,  236,  238,  386 

Dowels    312 

Drawings,  Cost  of   362 

Drawings,  Structural  327 

Drift  bolts   312,  414 

Drums,  Conical  18 

Dump 150,  151,  408 

Dumping  rails 131 

Eccentric  stress   381 

Edge  distance  of  rivets 390 

Elastic  deflection   57,    58 

Elongation  394,  396,  445 

Elkton  head  frame 105,  114,  135 

Empire  coal  tipple   i^ 

Equilibrium  polygon   72,    202 

Equipment    for   coal   tipple,    167,    179, 

194,  407 
Erection,  Cost  of  ...367,  368,  369,  404 

Head  frame,  Cost  of,  115,  117,  121, 
368 

Erection  of  timber  410 

Estimate  of 

Cost  of  steel  head  frame 370 

Weight  of  steel  head  frame  ...  357 
Weight    357 

Examples  of 

Bins  268,  270,  273 

Coal  breakers   292,  294 

Coal  tipples,  5,  11,  12,  13,  14,  15,  148 
161 

Coal  washers  282,  289 

Head  frames,  5,  8,  9,  114,  115,  117, 
131,  ^33y  135,  161,  306,  368 

Retaining  walls 315,  316 

Rock  houses  10,  136,  144 

Eye-bars  352,  393,  400 

Shop  cost  of  360 

Expanded  metal  ....128,  233,  289,  306 

Expansion  joints  250 

Factor  of  safety 107,  108,  115,  126 

Factor  of   safety  of  coal  tipples, 

163,  170 

Retaining  walls   246 

Steel  head  frames 129 

Factory  ribbed  glass   235 

Fastening  corrugated  steel 384 

Girts    393 

Purlins    393 

Felt  roofing 387 

Field   connections   400 

Paint    402,  409 

Rivets    382 
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Filbert  coal  tipple  14,    15 

Fillers    ^ 399 

Finish   396,  399 

Finish  of  joints  in  concrete 400 

Finish,  Sidewalk  449 

Finished  weight 401 

Fink  truss  220 

Fixed  beam,  Deflection  of  a,  70,  71,  79 

Flange  plates   390 

Flashing    228,  385 

Flat  hoisting  rope 18,  23,  117 

Flat  rope,  Stresses  in 28 

Flat  plates  324 

Flexure  and  direct  stress 433 

Flexure,  Work  of  65 

Flexural   stress    381 

Floors    170,  238 

Floor  slabs   442 

Flooring 389.  4",  413,  4^5 

Fluorspar  plant   306 

Force  polygon    202 

Forms  for  concrete  448 

Formulas  for  reinforced  concrete,  422 

Foundations    239 

Pressures  on   254,  379 

4-Post  head  frame 92,  105 

Framework  for  bins 262 

Framework,  Deformation  of 58 

Framework  for  steel  frame  build- 
ings      224 

Framing   414 

Franklin  County  coal  tipple   166 

Friction,  Coefficient  of  ...107,  241,  253 

Gates,  Bin  272,  273,  407 

Gilberton  coal  tipple 19,  161,  163 

Girders,  Crane  3^9 

Design  of  sheave   112 

Stresses  in    87 

Girts    37^,  393 

Girt  spacing   383 

Glass    235,  386 

Wire   306,  386 

Graphic  calculation  of 

Deflection   75 

Stresses 41,  244,  259 

Graphic  resolution 202,  216,  223 

Grand   Central  steel   head   frame, 

368,  385 

Hart  Williams  coal  tipple  162 

Head  frames 5,  8,  9,  114,  120,  129 

Allowable  Stresses  in 406 

Data  on    368 

Design  of 105,  108,  408 

Examples  of,  115,  117,  131,  i33»  I35, 

161,  306 
Height  of  114,  161 


Page. 

Head  frames 

Loads  on   405 

Painting    409 

Steel 7,  19,  121,  124,  126 

Stresses  in  41,    92 

Timber 6,  115,  116,  142 

Types  of 5.  7,  405 

Weight  of,   114,   115,  117,   121,   126, 

129,  133,  134,  135,  140,  368 

Head  sheaves  18^  38,  408 

Weight  of   39 

Height  of  head  frames. ..  114,  161,  368 
High  Ore  steel  head  frame,  9,  105,  114, 
120,  368 

Hewitt,  William 26 

Hoisting 

from  Mines 17,  20,  149 

in  Balance  19 

Conveyor    115 

on  Incline   155 

House    i^ 

Limit  of  vertical  29 

Methods    114,  161 

Plant    140 

Rate  of,  114,  125,  126,  131,  144,  161, 
162,  165,  173,  179 

Rope 17,  18,  22,  114,  117,  121,  161 

Hopper  bins 271 

Hoppers,  Self  cleaning  268 

Holes    414 

Pin   401 

Horizontal  shear  in  concrete 438 

Hyperbolic  logarithms  266 

Hy-rib 128,  289,  306 

Idlers    19 

Illinois  Central  R.  R.  retaining  wall  316 

Initial  stress  380 

Impurities  in  coal  300 

Inclined  retaining  wall  243 

Inclined  shaft.  Skip  for  33,    34 

Inland  steel  head  frame 121,  130 

Internal   friction    241 

Iron  ore,  Weight  of 122 

Jigs    280,  291,  294 

Centrifugal    281 

Lehigh  Valley 293 

Jeffrey-Griffith    cross-over    tipple, 

150,  153 
Return  car  dump 157 

Joints  in  concrete  448 

Finish  of   400 

Joists    415 

Kimberley  skips  ^ 34,  121 

Koepe  system  of  hoisting 20 
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Lacing  bars 329,  39i,  399 

Landers 31,  193,  408 

Lateral  bracing 394 

Leonard  steel  head  frame  ....114,  131 

Lehigh  Valley  jig 293 

Lehigh  and  Wilkesbarre  coal  tipple,  163 

Least  work  59,  63,    94 

Lay  of  rope 22 

Length  of  member,  Maximum,  392,  409 

Life  of  steel  coal  tipple 194 

Lining 

Anti-condensation   364 

Corrugated 384 

Steel  bins 187,  271,  274 

Limit  of  vertical  hoisting 29 

Link  Belt  coal  equipment 179,  194 

Screens   167 

Weigh  box 156 

Live  load  stresses  49,  106,  406 

Loads,  170,  264,  309,  376,  405,  410,  411 

Breaking  405 

Dead   376,  405 

Working  405 

Snow    377,  405 

Wind    377,405 

on  Foundations  37Q 

on  Girts   378 

Minimum   379 

on  Purlins  378 

on  Roof  covering 379 

on  Roof  trusses 201 

Lorain  Coal  and  Dock  tipple 13 

Louvres .231,  236,  385 

Logarithms,  Hyperbolic 266 

Naperian    266 

Loop  bars   351 

Loops    393 

Machinery  loads   406 

Masonry 
Allowable  pressure  on,  106,  239,  254, 

379  . 

Retaining  walls  245,  316 

Stresses  in 379 

Maxwell  diagram   203 

Maxwell's  theorem  80 

Maximum  length  of  members,  392,  409 
Method  of 

Area  moments  7^ 

Calculation  of  stresses 201 

Least  work 94 

Two-hinged  arch 90 

Methods  of  hoisting ^7t  20,  161 

Mill  details,  Cost  of 362 

Mill   orders    364,  403 

Mine  cars 30 

Mine,  Deepest 29 

Mine  skips — see  Skips. 
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Mines,  Depth  of 114,  122 

Hoisting  from  17,  20,  161 

Minimum  thickness   of  material,   108^ 
160,  169,  192,  409 

Mixing  concrete 447 

Monitor  ventilators 236 

Mountain  View  head  frame 368 

Moving  loads  on  girders 86,  318 

Mudsills 312 

Multiplication  tables  for  rivet  spac- 

,  ing 354,  355 

Munro  Iron  Mining  Co.,  Head  frame 
for 115,  116 

Naperian  logarithms 266 

Net  sections  390,  391 

Nicked  bends  396 

Nuts^  Pilot 401 

Sleeve   ->. 350 

Oakwood  coal  tipple 10 

Old  Dominion  Copper  Co.'s  bins, 

269,  270 

Operation  of 

Coal  breaker 292 

Coal  tipple  177,  179 

Coal  washer  :&2 

Fluorspar  plant 309 

Ore  bins  274,  278 

House   275 

Separation    309 

Overwinding   35 

Paint  239,402,409 

Coal  tar  240 

Cost  of  370 

Data  ^o 

Painting  steel  head  frame,  106, 121,  129 

Timber    415 

Phillips  coal  tipple 105,  161,  187 

Cross-over  tipple,  150,  152,  173,  178, 
182 
Phosphorus  in  steel.  Allowable...  394 

Picking  tables 160,  181,  187 

Pile  trestles  315 

Piles    413,  415 

Timber    379 

Pilot  nuts    401 

Pin  holes   401 

Area  through  391 

P»ns   392,393.395 

Bending  moments  in  ^^2 

Stresses  in   106,  382 

Pitch  of  rivets  3ftr,  389,  390 

of   Roof    219,  375 

Placing  concrete   447 

Planing   399 

Planks    412 
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PaG£. 

Plans,   Detail   376 

Shop    403 

Plates    397 

Base    393 

Batten    39i 

Buckle   325 

Flange    390 

Flat    324 

Pin    392 

Splice    399 

Web    399 

Plate  Girders 320,  380,  3SI1  382 

Shop  cost  of 366 

Plaster  walls,  Steel   frame  build- 
ing with 128,  233,  289,  306 

Portal,  Stresses  in  a  215 

Power  plant   309 

Preparation  of  coal 279,  292 

Pressure  on 

Masonry    239 

Retaining  walls   242 

Proportions  of  concrete  446 

Punching    399 

Purlins   377,  378,  393 

Spacing  of   375,  3^3 

Timber    393 

Push  back  dumps   150,  151 

Quincy  No.  2  rock  house  10,  144 

Ramsey  transfer,  150, 176, 177, 178,  180 
Rand    Consolidated    Mines    head 

frame    8 

Rankine 25 

Rankine's   formulas   for   retaining 

walls    242 

Rapid  Transit  coal  bins  27s 

Rate    of    hoisting — see    Hoisting, 
Rate  of. 

Reaming  399,  402,  409 

Redundant   members,   Stresses   in, 

61,  63,  93,  100 

Reels    23 

Reinforced  concrete  420 

Allowable  stresses   304,418 

Coal  breaker 302 

Columns    437 

Data  for 418 

Lining  for  bins  187,  271,  274 

Retaining  walls   3^6 

Walls    128 

Rend  coal  tipple 161,  165 

Rescreening  plant   306 

Resolution,  Algebraic   223 

Graphic   223 

Retaining  walls 

Examples  of   315,  316 

Design  of   241,  248 


Pace. 
Retaining  walls 

Expansion  joints  in  250 

Loaded  filling  on  244 

Pressure  on   242 

Waterproofing    250 

Reversal  of  stress 407 

Ridge   roll    228,  3fe 

Risks    404 

Rivets    395 

Allowable  stresses  in  ..106,  222,  334 

Conventional  signs  for 333 

Cost  of  driving  367 

Edge  distance  of 390 

Maximum  diameter  of 332.  390 

Pitch  of   389 

in  Plate  girders  322 

Size  of 332,  399 

Standards   for   332 

Riveted  tension  members  391 

Rivet  holes 399 

Spacing    354,  355 

Riveting    400 

Rock  house 5,  10,  12,  114,  144 

Weight  of  Quincy  No.  2 144 

Rods    393 

Upset   391 

Rollers    395,  401 

Load  on  380 

Pressure  on   106 

Roof 

Pitch   of    219,375 

Tar  and  gravel  387 

Saw  tooth   219 

Trusses    201 

Allowable  stresses  in 221 

Shop  cost  of 366 

Roofing  felt   387 

Rope 

Cost  of  362 

Size  of  hoisting 117 

Taper    22 

Rosiclare  fluorspar  plant  306 

Rotary  screens   148,  408 

Rotary  dumps   151,  154 

Rubble  concrete  448 

St.   Lawrence   steel    head    frame, 

^  ,  9,  "4.  368 

Safety  catch  30,  129,  144 

Hooks  36,  131,  I3S»  401 

Sag  rods 173,  288^  308^  408 

Sandstone  masonry 106 

Sandwich  doors   237,  387 

Saw  tooth  roof 128,  219 

Scantling    412 

Scraper  conveyor  182,  186 

Screw  threads   401 
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Pags. 
Screens,   157,   160,  281,  282,  285,  294, 

309;  4cS 
Shaking — see  Shaking  screens. 

Screen  bars  159 

Screening  coal   281 

Sections,  Minimum 390 

Net    390,  391 

Sederholm,  E.  T 26,    29 

Self  cleaning  hoppers  268 

Dumping  cages,  12,  32,  148,  157,  165, 
167,  168,  177,  178 

Dumping  skips    149,  165 

Semi-fluids    241 

Shaft,  Deepest  29 

Shaft  house 114,  136,  140 

Shaking  screens,  148,  icy,  165,  i^,  178, 
181^  182,  186,  189,  195.  281;,  309,  408 
Shaker  structure,  158, 168, 170, 187,  197 

Shallow  bins   255,  259 

Shear 

in  Plate  girders  381 

in  Reinforced  concrete,  420,  423,  438 

Work  of 67 

Sheave,  Head.  18,  38,  39,  114,  126,  131, 
161,  408 

Sheave  girders 112 

Shingles    413 

Shipping  invoices    403 

Shoal  Creek  washer 289 

Shop  costs  365,  366,  ^67 

of  Steel  head  frame...  11 5,  117,  121 

Shop  drawings  327 

Paint    402,  409 

Plans    403 

Shutters    385 

Sibley  mine  shaft  house 114,  136 

Sidewalk  finish    449 

Sizes  of  anthracite  coal  290 

Size  of  drum  or  sheave 23,    24 

of  Sawed  timber  411 

Sizing  coal    149 

Skips,  33,  34,  35,  117,  123,  126,  131,  143, 
144,  149,  407 

Water    35 

Weight  of  131 

Skylights    235,  386 

Slate,  Weight  of yjy 

Sleeve  n-uts   350 

Slope  of  screens  158 

Snow  loads    yjy,  406 

Snow  load  stresses  205,  380 

Spacing  of 

Bars    441 

Girts    383 

Purlins   375,  383,  393 

Trusses  220,  375,  393 

Specific  gravity  of  coal  ..254,  279,  294 


Pags. 

SpedRcations  for 

Cement  floor 388 

Concrete    444 

Material    409 

Steel    394,  409 

Tar  and  gravel  roof  387 

Timber  floor  389 

Timber    410 

Speculator  steel  head  frame,  114,  115, 
368 

Spikes    414 

Spirals    291,  300,  306 

Splices 392,  393,  409 

Web   391 

Spring  Valley  No.  5  tipple 161,  173 

Stability  of  retaining  walls 246 

Standards  for 

Beams    342,  343 

Channels    344 

Lacing  bars 331 

Rivets    332 

Z-Bars    345 

Statically  indeterminate  structures, 

52,  92,  408 

Steel 

Bins 146,  191,  273,  275 

Cars  38 

Castings    395,  401 

Coal  tipples,  160,  161,  162,  163,  165, 
166,  170,  173,  179,  182,  187,  194 

Weight  of 168,  173,  179,  189 

Cost  of  359 

Doors    386 

Frame     building     with     plaster 

walls 128,  233,  289,  306 

Frame  buildings  219,224 

Weights  of   358 

Fluorspar  plant   306 

Head   frames,   7,   10,    114,    115,   117, 
120,  121,  124,  126,  129,  132,  133, 

135 

Allowable  stresses  in  400 

Cost  of  368 

Data  on    368 

Design  of    108 

Factor  of  safety  of  129 

Shop  cost  of. IIS,  117,  121.  367,  368 

Stresses  in  41 

Weight  of,  124,  126,  129,  133,  134, 
.  357,  368 

Painting    402 

Bins,  Stresses  in  .; 255,  263 

Reinforcing    444 

Rescreening  plant  306 

Rock  house  144 

Shaft  house    136 

Specifications   for    394 

Transformer  building  225 
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Pack. 

Steward  steel  head  frame,  114, 117,  368 

Stewart  jig  387 

Stiffeners 321,  382,  390,  399 

Stirrups    439 

Stress 

Bond    437 

Shearing    438 

Reversal  of  407 

Due  to  weight  of  member .  381 

Stresses,   Allowable    in    steel — see 

Allowable  stresses. 
Stresses  in 

Bins    25s,  263 

Buckle  plates   326 

Crane  girders  319 

Deep  bins    263 

Framework    61,    63 

Head  frame  41,  49,    51 

Portal    215 

Reinforced  concrete   418,  423 

Roof  trusses   201,  204 

Shallow  bins  259 

Stirrups    439 

Transverse  bent 212 

Trestle  bent   216 

Two-hinged  arch  55 

Wire  rope 25,    28 

Struts    415 

Structural  steel 

Cost  of  359 

Drawings  for  3^7 

Paint  for  402 

Specifications  for 394 

Sulphur^  in  steel 394 

Suspension  bunkers    ^i 

Swedge  bolts 34^ 

Tamarack  mine  29 

Taper  ropes 22 

Tar    389 

Tar  concrete    3^9 

Tar  and  gravel  roof 3^7 

Taylor  coal  breaker  302 

T-Beams 423,  428,  444 

Temperature    394 

Tensile  stress  380 

Tension 

Diagonal   439 

Members,  Length  of   392,  393 

Tests  of  steel   403,  445 

Testing  steel  395 

Theory  of  least  work 59,    63 

Thick  material  39^ 

Thickness  of 

Base  plates    393 

Material    108.  160,  169,  192 

Steel.  Minimum  409 

Tie  rods  34^ 


Page. 

Tile,  Weight  of 377 

Timber 

Allowable  stresses  in  382,410 

Bins  276,  277,  278 

Cars    38 

Coal  tipple 194 

Dimension    412 

Erection  of  415 

Floor    238,389 

Head  frame  6,  115,  116 

Kinds  of    410 

Painting    415 

Piles    379 

Purlins    393 

Shaker  structures   158 

Size  of 4".  412 

Specifications  for  402,  410 

Trestles    312,  315 

Tipping  girders  192 

Tipples  or  dumps 150,  151,  152 

Tonopah-Belmont  steel  head  frame, 

114,  125,  275 

Tools    403 

Transfer  platform,  150,  176,  i77,  178, 
180 

Transformer  building   225 

Translucent  fabric   235 

Transverse  bents  85,  212,  225 

Trestle  bent   216,  312,315 

Truss  defined  219 

Trusses 

Roof    201 

Saw  tooth  219,  221 

Spacing  of  220,  375.  393 

Types  of   219,  375 

Weight  of   376 

Turnbuckles    350 

Two-hinged  arch  54.    55 

Method  of  98 

Types  of 

Bins   271 

Coal  tipples  I49 

Head  frames   5.      7 

Head  works    5 

Roofs   for  lighting  and  ventila- 
tion     235 

Transverse  bents  226 

Trusses   219 

Washers    280 

Union  Shaft  head  frame ti4»  I33 

Upper  chords   39^ 

Upsets  for  bars 348,  39^ 

Ventilators    236,  385 

Circular    386 

Vertical  hoisting,  Limit  of 2p 
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Pag£. 

Washers   414 

Types  of 280 

Washing  coal  279 

Waterproofing  masonry   250 

Water  skips   35 

Weight,  Allowable  variation  of...  397 

Estimate  of  357 

Weight  of 

Angles  346 

Ashes    267 

Coal    267 

Coke    2^ 

Corrugated  steel   376 

Cranes    322,  324 

Iron  ore  122 

Masonry    254 

Materials    254 

Sheaves    126 

Slate    379 

Steel  coal  tipple,  161,  168,  173,  I78» 

179.  189 

Steel  frame  buildings  358 

Steel  fluorspar  plant 309 

Steel  head  frames,  115,  117,  121,  126, 

129,  134,  140,  357,  368 

Steel  rescreening  plant  306 

Steel  rock  house  144. 

Steel  shaft  house   140 

Steel  skips   131,  144 

Stress  due  to 381 


Pagb. 

Tile    377 

Trusses   376 

Web 

Plates    399 

Splice 391 

Stiffeners  382,  390,  399 

Stresses    419 

Weigh  boxes   156 

Welds    401 

West  Colusa  steel  head  frame  ....  368 

Whiting  system 19,    21 

Wind  loads 41,  42,  51,  377,  406 

Wind   load   stresses,  51,  93,   107,  206, 

380,407 

Windows  170,  235,  306,  386 

Wire  glass  235,  306,  386 

Wire  rope,  Data  on,  23,  24,  25,  26,  27, 
28 

Wood  floor  389 

Work 

External   52 

Internal  52 

Equations,  59.  60,  62,  64,  95,  96,  loi, 
103 

Work  of 

Flexure   65 

Shear   67 

Working  load,  17,  23,  24,  25,  ^,  45,  107, 

,   135,  165,  405,  407 

Wrought  iron 398 

Z-Bars   345 
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Professor  Ketchum  has  done  the  profession  a  real  service  in  presenting  to  civil  en- 
gineers and  students  this  masterly  and  complete  work  on  highway  bridges.  The  author 
has  a  plain  way  of  getting  his  ideas  before  the  mind  of  the  reader. — Ernest  McCoUough,  in 
The  Contractor,  Dec.  i,  1908. 

The  reputation  for  practical  book  writing  established  by  the  author  in  "The  Design 
of  Steel  Mill  Buildings"  and  "The  Design  of  Walls,  Bins  and  Grain  Elevators"  is  upheld 
in  his  most  recent  work.  Altogether  we  do  not  know  where  bridge  designers  can  find 
elsewhere  so  much  good  practical  information  as  is  given  them  in  this  book. — Engineering 
Contracting,  Dec.  2,  1908. 

Altogether  the  work  embodies  a  fortunate  blending  of  the  rational  with  the  thoroughly 
practical. — Journal  of  the  Franklin  Institute,  Jan.,  1909. 
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COMMENTS  OF  THE  PRESS. 

The  object  of  the  authors  as  stated  in  the  preface,  is  first  "to  provide  a  simple  and 
comprehensive  text,  designed  to  anticipate,  rather  than  replace,  the  usual  elaborate 
treatise;  second,  to  bring  the  student  into  immediate  familiarity  with  approved  surveying 
methods;  third,  to  cultivate  the  student's  skill  in  the  rare  art  of  keeping  good  field  notes 
and  making  reliable  calculations." 

In  this  the  authors  have  succeeded  admirably.  As  a  pocket  guide  to  field  practice 
for  students,  probably  nothing  better  has  been  produced.  Especially  are  the  instructions 
in  regard  to  keeping  field  notes  to  be  commended.  Many  engineers  have  found  that  it 
has  taken  years  to  obtain  this  art,  so  generally  neglected  in  the  work  of  engineering  schools. 
— Journal  of  Western  Society  of  Engineers. 

The  scope  of  the  book  is  large,  and  the  various  subjects  included  are  treated  not  in  a 
descriptive  but  in  a  critical  manner.  The  book  is  well  arranged  and  is  written  in  a  clear 
concise  manner,  which  should  make  its  study  easy  and  pleasant. — Engineering  News, 

It  gives  the  student  just  the  information  he  needs.  The  book  is  a  gratifying  indication 
of  the  importance  attached  to  the  cultivation  of  habits  of  neatness  and  celerity  in  the 
authors'  methods  of  instruction. — Engineering  Record, 
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